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TECHNICAL MEMORANDUM NO. 13

SUBJECT: PRELIMINARY DESIGN REPORT
GEOTECHNICAL ENGINEERING SERVICES Geotechnical,
PROPOSED DIVERSION DAM REPLACEMENT Geoenvironmental and

WHITE RIVER HYDROELECTRIC PROJECT
BUCKLEY, WASHINGTON

Geologic Services
PREPARED BY: Daniel W. Mageau - GeoEngineers, Inc.

APPROVED BY: Gordon M. Denby - GeoEngineers, Inc.

PROJECT NAME: White River Diversion Dam

PROJECT NO. GEI File No. 0186-115-R06
DATE: May 4, 1992

INTRODUCTION

This preliminary report presents the results of our geotechnical engineering services
completed for the proposed diversion dam replacement for the White River Hydroelectric Project.
The site is located on the White River approximately 1/2 mile east of the SR 410 highway near
Buckley, Washington as shown on the Vicinity Map and Site Plan, Figure 1.

The conclusions and recommendations presented herein supersede those in our interim
report dated January 22, 1991. The January 22 interim report was prepared for use by HDR in
the conceptual design phase of the project. This preliminary design report includes an updated
description of the project and the results of additional explorations completed for the project. It
also includes preliminary geotechnical engineering conclusions and recommendations together
with a section which addresses, on a preliminary basis, construction considerations. A final
design report which will include more detailed geotechnical recommendations and construction
considerations for use by HDR Engineering, Inc. in developing final design documents will be
prepared during final design efforts based on additional geotechnical studies. A section outlining
additional geotechnical services recommended for the final design phase is presented in a section
at the end of this preliminary report.

Our understanding of the project is based on discussions with Mr. Bob King of HDR and
Messrs. Mike Blanchette and Wayne Porter of Puget (Puget Sound Power and Light Company),
draft plans by HDR entitled "P.S.P.& L. Co., Application for License, White River
Hydroelectric Project, FERC Project No. 2494, Drawings 1 through 17" (undated), transmitted
April 8, 1992, and our experience with other work for Puget at the White River Hydroelectric
Project.

GeoEngineers, [nc.

8410 154th Avenue N.E.
Redmond. WA 98052
Telephone (206) 8616000
Fax (206) 861-6050
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PROJECT DESCRIPTION

The White River Project 1s an existing hydroelectric facility which consists of a diversion dam
and intake structure; an 8-mile-long series of flumes, canals, and basins; a set of fish screens; a
storage reservoir (Lake Tapps); an intake tunnel; a forebay well; four penstocks; and a single four-
unit powerhouse. It began operation in 1911 and is currently rated at 63.4 MW. The diversion dam
15 located approximately one mile north-northeast of Buckley, Washington.

The existing diversion dam consists of a 352-foot-long by approximately 4-foot-thick
concrete and rock-filled timber crib structure. Wood flashboards extend 7 feet above the crib
structure. The water level behind the dam is maintained at Elevation 671 feet. To facilitate
flashboard replacement and removal, a cable tramway is suspended over the dam. The dam is
protected on both upstream and downstream faces by timber aprons. Six-foot-deep concrete cutoff
walls extending about 9.5 feet below original riverbed underlie the length of the dam. These cutoffs
are located near the upstream and downstream edges of the dam. The dam abutments consist of
thick unreinforced concrete wing walls.

The proposed project consists of replacing the existing timber crib dam. The northern (right
two-thirds of the existing dam foundation will remain in place and be used as foundation support for
the replacement dam. The replacement dam will consist of two radial gates (16- and 35-foot-wide),
two 50-foot-wide rubber weirs, and six 20-foot-wide removable, fixed crest, concrete panels. The
replacement dam will have provisions to regulate flows, allow for fisheries flow requirements, and
prevent bedload sediment from entering the intake. As part of the project, the existing intake and the
headgates will be modified. A maintenance building, control building and garage /shop building will
be constructed in the vicinity of the intake.

Construction of the replacement dam will be completed in two phases. Phase I includes the
fixed crest, concrete panels and the rubber weirs. Phase Il includes the two radial gates and the
modification to the intake and headgates. Phase I requires construction of a 250-foot-long cofferdam
upstream of the existing dam consisting primarily of a sand and gravel berm. The south end of this
cofferdam, which is near the main channel of the river, will consist of either crushed rock protected
by riprap or sheet pile cells. Phase II construction will require a 200-footlong, sheet pile cellular
cofferdam upstream and a 100-foot-long earth cofferdam downstream of the dam.

Modifications to the existing dike and access road along the north shore of the river upstream
of the dam are planned to reduce the potential for flooding near the existing fish hatchery. From the
right abutment to about 800 feet upstream of the dam, the existing access road will be heightened by
2 to 5 feet. From 800 to about 1,300 feet upstream of the abutment, the existing shoreline dike will
be heightened by about 3 to 5 feet.

Others have completed several studies for previous projects at and near the dam site.
Aerial photographs and historical construction photos and records are also available. A list
of references reviewed for this project is summarized at the end of the text.
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SCOPE
The purpose of our services is to provide geotechnical design information to HDR for use in

developing various design alternatives for the proposed diversion dam replacement. Our

specific scope of services includes:
1. Review Available Data

o Review existing project information made available from Puget Power's files.

o Review subsurface and ground water information in our files.

e Review historic aerial photographs to evaluate migration of the river.

N

. Exploration Program

e Drill two 50-foot-deep borings and two 40-foot-deep borings along the diversion dam

alignment for use in foundation design of the proposed replacement dam.

o Install one 2-inch-diameter well to 25 feet in one boring for conducting a slug

(permeability) test.

e Excavate eight shallow test pits along the existing north dike to obtain information for stability.

® Excavate several test pits in the riverbed downstream of the existing dam to identify the nature of

near-surface river deposits. This work was completed after the January 22 interim report was

transmitted.

3.  Field Reconnaissance

Complete a field reconnaissance to evaluate the extent and condition of existing channel
erosion within about ‘A mile upstream of the dam.
Complete a field reconnaissance along the north bank of the White River to evaluate

potential locations for the construction of the flood protection dike in this area.

4. Field Data Interpretation

Review and interpret boring logs, test pit logs, laboratory data, and results from the
geophysical survey.

Develop soil cross sections along the dam and north dike, as appropriate.

Prepare final logs of the explorations and a site plan showing boring, test pit and

geophysical line locations.

5. Foundation Support

GeoEnginecers

Develop foundation design recommendations for the support of the proposed diversion
dam structure, including use of the existing dam foundation in new dam construction.
Provide estimates of allowable soil-bearing pressure.

Provide estimates of allowable soil friction values and earth. pressures.

Provide estimates of settlements for the proposed dam structure.

3 File No. 0186-115-806/050492
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6. Channel Erosion Protection

s Evaluate areas along the river channel (within mile upstream of the dam) requiring erosion
protection, based on site reconnaissance and historic channel migration.
° Develop recommendations for channel stabilization within about 1/2 mile upstream of the dam.
This will include recommendations for:
— size and layout of training groins in the river
— size, thickness and geometry of riprap protection
— gradation requirements
filter material requirements, if needed
— construction considerations

7.  Construction Considerations

o Provide geotechnical input and construction considerations for the proposed diversion dam,
including:
cellular cofferdam construction
earth cofferdam construction
fill material selection and placement techniques
upstream slope protection
temporary dewatering
8. North Dike Stability
. Evaluate subsurface soil conditions at and near the existing north dike upstream of the dam.

. Perform stability analyses as appropriate for the dike.

° Develop recommendations for remedial action, if necessary, to improve the effectiveness of the
dike and its stability.

o Prepare recommendations for the design and construction of the north dike, including fill material
selection, placement techniques and slope protection.

9. Seepage Analysis

. Estimate the rate and quantity of seepage flow below and around the existing dam using a flow

net analysis method.

° Develop estimates of uplift pressure on the base of the proposed concrete dam.
° Evaluate the potential for piping to occur below or around the dam.
. Estimate rate and quantity of seepage flow beneath the temporary earth and

cellular cofferdams using a flow net analysis method.
10. Meetings
° Attend an estimated five to six meetings with Puget and other team members to develop design
concepts and to discuss our findings.

11 Progress Reports

° Prepare two interim progress letters summarizing services completed by GEL
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12. Draft and Final Reports
e Prepare the draft preliminary report for review by team members summarizing results from

our field and laboratory programs together with our conclusions and recommendations.

o Prepare 10 copies of a final preliminary report which incorporates review comments.

SITE CONDITIONS

GEOLOGIC HISTORY

The dam site 1s located in a geologic region characterized by thin alluvial deposits overlying Osceola
Mudflow deposits up to 70 feet thick in some areas. The Osceola Mudflow blanketed an extensive portion
of the eastern Puget Sound Lowland approximately 3,700 years ago. The mudflow originated on the north
flank of Mount Rainier, flowed down the White River Valley, and covered a wide area including present-
day Buckley with several tens of feet of sediment. The mudflow sediment typically consists of cobbly, silty
sand and gravel with cobbles and occasional boulders. The mudflow occurred in a series of separate flows in
between and after which alluvial soils consisting of sand and gravel with cobbles and boulders were
deposited by the White River. Moreover, water flow over and through the surface layer of the exposed
mudflow deposits probably washed silt material portions out of the soil. This process resulted in a relatively
mhomogeneous mix of clean alluvial and mudflow deposits and siltier mudflow deposits in the upper 5 to
10 feet of soil. Glacially deposited sands and gravels typically underlie the mudflow deposits.

Soils exposed within a 25-foot-high riverbank along the south side of the White River, immediately
upstream from the diversion dam, show approximately 10 feet of an alluvial deposit overlying Osceola
Mudflow sediments, indicating that the river has and continues to incise through the mudflow deposits at

this location.

SURFACE CONDITIONS

The White River Fish Hatchery is located on the north side of the river just upstream of the dam, and
the intake structure and flume are located near the south abutment of the dam (refer to Figure 1). A gravel
dike constructed in stages since 1911 is situated along the north bank of the White River to protect the bank
from erosion and the fish hatchery from flooding during periods of high water. The approximate location of
the north dike 1s outlined in Figure 1. The older portion of the dike is approximately 3 to 6 feet high (with
respect to native ground surface north of the dike) and extends about 1,800 feet upstream of the dam. This
portion of the dike 1s covered with brush and trees ranging in diameter (at breast height) from 4 to 36 inches.
It is protected on the river side by large boulders and concrete rubble up to 8 feet in size. The newer portion
of the dike is approximately 8 to 12 feet high (with respect to the ground surface north of the dike) and

extends from about 1,800 to 2,500 feet upstream of the diversion dam. It was
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constructed 1n approximately 1968. This portion of the dike is composed of sand and gravel and is
protected by quarry rock typically ranging from 2 to 24 inches in size. The top of the dike ranges in
elevation from approximately 673 feet near the dam to approximately 689 feet 2,500 feet upstream of the
dam. The water surface elevations of the White River near these locations were approximately 670 and
678 feet respectively on September 14, 1990 based on hand level measurements.

An access road leading to the right abutment of the dam was constructed in the late 1980s. The
location of this access road is shown in Figure 1. The road appears to be composed of sand and gravel,
based on evaluation of surface soils. It is protected on the river side by 12-inchdiameter quarry spalls.
The road extends from the right abutment east approximately 800 feet.

The topography on the north side of the river (north of the existing dike) is relatively flat, except
for the access road and fill pads for the hatchery, with elevations ranging from 665 feet near the fish
hatchery to about 680 feet a half mile upstream of the diversion dam. Large sand and gravel bars are
present near the north bank of the river, just upstream of the dam. The ground surface elevations of the
sand bars typically range from 670 to 678 feet.

A 25-foot-high bluff forms the south bank of the river immediately upstream of the diversion dam.
The ground surface south of the bluff is relatively flat and ranges in elevation from about 690 to 695 feet.
The bluff extends approximately 900 feet upstream of the diversion dam. Further upstream, along the
south side of the river, the ground surface is several feet above the river level. The topography in this
area 1s relatively fiat with ground surface elevations ranging from 675 to 685 feet.

The majority of the site upstream of the diversion dam is heavily forested with fir, cedar, and alder
trees. Low undergrowth consists of grasses, nettles, ferns, and scattered blackberry bushes. Scattered
open areas of grass and brush with scattered alder and maple trees are present along the eastern end of
the dike on the north side and on top of the bluff along the south side of the river. The hatchery site is an
open grassy area.

A geotechnical engineer and an engineering geologist from our firm completed a field
reconnaissance on September 18, 1990 to evaluate the existing condition of the north dike and riverbanks
for a half-mile upstream of the dam. We completed several other site reconnaissances subsequently and
reviewed aerial photographs of the area taken in 1936, 1968, 1980 and 1985. Additional historical
information regarding construction of the dike along the north bank was obtained from discussions with
Puget engineers and King County maintenance personnel.

The newer eastern portion of the dike constructed along the north bank and extending about 1,800
to 2,500 feet upstream of the dam appears to be relatively stable at this time. Some loss of finer rock
appears to have occurred in the unmaintained areas of the dike. According to King County maintenance
personnel, new rock protection was placed over the dike at the north and south ends where more
significant loss of rock protection occurred during the 1989/90 winter high river flow. We understand
that King County repairs the dike every few years on an as-needed basis. Repair of the dike protection

involves dumping and spreading well-graded crushed
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quarry rock (obtained from the Enumclaw quarry located on S.E. 416th Street in Enumclaw,
Washington) and spreading the material in a 1- to 3-foot lift. Maximum size of the quarry rock is
about 2 feet.

The results of our reconnaissance and aerial photograph review indicate that relatively little
erosion of the riverbanks for a half mile upstream of the dam has occurred since the diversion dam
was constructed in 1911. From aerial photographs, it appears that the bluff along the south bank just
upstream of the dam may have receded 5 to 10 feet since 1936. In other areas of the river channel,
the banks appear to have aggraded since 1936. Sediment accumulation is particularly evident along
the north side of the river just upstream of the dam. Sand and gravel bars on the order of 100 feet
wide presently extend about 1000 feet upstream of the dam. Only portions of these bars are evident
in the 1936 photograph. In general, the river channel appears to have become narrower and more
stable (i.e., less meandering) since about 1968. During our field reconnaissances, we did not
encounter evidence of any significant erosion along the banks. Some minor sloughing along the
steep bluff on the south bank was observed. Our experience with similar bluffs composed of
mudflow deposits elsewhere in the White River indicates that while the river tends to meander along
the valley, very little lateral erosion of the bluffs occurs.

The sand and gravel bars near the north side of the river are currently covered with brush and
small to moderate-sized trees. Hand holes and shallow erosion cuts along the river indicate that the
near-surface soil conditions in these bars typically consist of 1/2 to 2 feet of fine to medium sand
underlain by sandy gravel with cobbles in the western two-thirds of the bars. In the eastern one-
third, the surface of the bars is predominately covered with gravel and cobbles ranging from 1 to 10
inches 1n size. Some sand is mixed in with the gravel and cobbles. Based on visual observations of
the hand holes, we estimate the average percentage of cobbles in the upper 2 to 3 feet of the bars to
be about 20 to 30 percent by volume.

The vegetation along the riverbank north of the sand and gravel bars is well established. The
large rock and concrete bank protection placed on the older dike in the early 1900s is surrounded by
brush and trees. It appears that this area of the bank has not been subject to significant water flow or
erosion for many years. The size of trees along this existing dike ranges from 4 to over 36 inches in

diameter. A summary of trees sizes along the dike alignment is presented in Table 1.

SUBSURFACE EXPLORATIONS

Subsurface soil and ground water conditions at the diversion dam were explored by drilling
four borings to depths of 40 to 50 feet below the dam or ground surface, and by excavating five test
pits downstream of the dam and digging four hand holes with a shovel. Borings B-1 and B-2 were
completed in the White River by drilling through the wood and concrete apron on the downstream
side of the diversion dam. Borings B-3 and B-4 were located near the north and south abutments of
the dam, respectively. A 2-inch-diameter well was installed to 25 feet in boring B-3 for the purpose
ot conducting a slug (permeability) test.

Geolingincers 7 File No. 0186-115-806/050492
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Four test pits, TP-9 through TP-13, were completed in the riverbed downstream of the existing dam on
August 2, 1991 using a track-mounted excavator. The purpose of these test pits was to evaluate the near-surface
soils in the riverbed with respect to grain-size distribution. The test pits were excavated to depths 7 to 16 feet
below the bottom of the riverbed.

Four hand holes were excavated in the riverbank and sand bars near the right abutment just upstream of the
dam. The holes were excavated using a hand shovel to depths of 1 to 3 feet below the riverbed. The purpose of
these holes was to evaluate the near-surface soils upstream of the dam for possible use as fill material during
construction. The locations of these hand holes are shown in Figure 2.

A geophysical survey using vertical electrical soundings (VES) and over water seismic refraction was
completed along the diversion dam alignment by Mr. Sig Schwarz to provide subsurface information between the
borings. The geophysical survey report prepared by Mr. Schwarz is included in Appendix B.

Subsurface soil and ground water conditions along the existing north dike were explored by excavating 8 test
pits, designated TP-1 through TP-8, through the dike.

The locations of our borings, test-pits, and the geophysical survey are shown in Figures 1 and 2. A

description of the field explorations, lab testing procedures, and the logs of the explorations are presented in
Appendix A. Specific subsurface conditions evaluated from the exploration program are discussed in the

following sections.

SUBSURFACE SOIL CONDITIONS
Dam Alignment

A soil profile along the dam axis and interpreted from the borings and test pits is shown in Figure 3. The
location of the profile is shown in Figure 2. The soils encountered in our borings and test pits indicate the
diversion dam, the bottom of which is at Elevation 658 feet, is underlain by 3 to 9 feet (Elevation 655 to 649 feet)
of loose to medium dense sandy gravel with occasional cobbles and boulders. The presence of a cobble or boulder
resulted in refusal in one test pit (TP-10) at a depth of 12 feet. Above this level excavation of the soil was
relatively easy indicating loose conditions. This material may be high energy alluvial deposits or Osceola
Mudflow sediments with the finer grain-size particles washed out. Below 3 to 9 feet, Osceola Mudflow deposits
consisting of medium dense to dense gravel typically with silt, sand, cobbles, and occasional boulders were
encountered to a depth of 31 to 45 feet (Elevation 627 to 613 feet) below the base of the dam (top of subgrade
below dam). The blow counts recorded during sampling indicate very dense soils; however, the presence of
gravel, cobbles and boulders may have caused unrepresentatively high blow counts. Based on the rate of drilling,
the soils typically appear to be medium dense to dense. Also, some of our samples appeared to be slightly washed
by the drilling and sampling procedures indicating the in-place soil may have higher fines contents than were
measured in the lab tests. Within the mudflow deposit, pockets of material ranging from gravelly, sandy silt to

sandy gravels with no silt were also encountered. Underlying

Gecolngincers 8 File No. 01806-115-806/050492

D-9




the mudflow deposit, dense, gravelly sands with occasional cobbles were encountered to the depth explored, 47
feet (Elevation 611 feet) below the base of the dam. These soils are either glacial recessional or alluvium
deposits.

The soils encountered 1n our borings north and south of the existing abutments indicate about 10 feet (to
Elevation 663 feet) of silty sand and sand and gravel (alluvial flood plain deposits) overlying Osceola silty
sandy gravel mudflow deposits. The upper 6 to 7 feet (to Elevation 667 to 666 feet) of the soil in B4 at the
north abutment may be recently placed fill.

The results from the geophysical survey appear to correlate well with the data obtained from the borings
and test pits. From interpretation of the geophysical data, the dam alignment appears to be underlain by a thin
mantle of relatively clean granular material which is underlain by siltier sand and gravel with pockets of
cleaner material. The geophysical data also indicate that bedrock is deeper than 60 to 70 feet (Elevation 598 to
588 feet) in the dam site area. The soil profile interpreted from the geophysical data is shown in Appendix B.

North Dike

Test pits 1 through 6 were excavated along the newer section of dike, and test pits 7 and 8 were
excavated along the older section of dike. All test pits encountered loose to medium dense gravelly sand with
cobbles, boulders and varying amounts of silt to the depths explored. The dikes appear to have been
constructed over the native sands and gravels (alluvium) using alluvial material. Therefore, it was difficult in
some cases to distinguish between the dike material and the underlying native soils. The depth of dike fill

ranges up to approximately 14 feet along the newer section and 3 to 6 feet along the older section.

HYDROGEOLOGIC CONDITIONS

Water level in borings B-2 and B-3 was encountered initially at the river level (Elevation 650 feet). In
addition, artesian conditions were encountered at a depth of approximately 30 feet (Elevation 631 feet) in
boring B-1 when the air-rotary casing drilled into a clean sandy gravel zone. The water level in the casing rose
to approximately 8 feet above the downstream river level (to about Elevation 667 feet, which is about 3 feet
below the upstream water level). The artesian conditions continued for the duration of the boring which was
completed the following day. An estimate of the flow rate from this boring was from 5 to 10 gpm. No artesian
conditions were encountered in any of the other borings.

The ground water level in boring B-4 was observed at a depth of 3 feet below the ground surface
(Elevation 670 feet), which corresponds to about 1 foot above the upstream river level. The ground water level
in the well installed at boring B-3 was recorded at approximately 12 feet below the ground surface (Elevation
661 feet), which 1s approximately 9 feet below the level of the river upstream of the diversion dam.

No ground water seepage was encountered in the test pits. However, slight to moderate caving was

encountered in test pits 4 and 5 at the east end of the north bank.
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The ground water levels observed in our explorations indicate a relatively complex ground water system.
Along the north bank near the dam, boring B-3 showed ground water at elevation 661 or about 9 feet below the
level of the river located about 25 feet away. Wells installed in other explorations completed by GeoEngineers
for the hatchery showed ground water elevations between 660 and 665 feet at a distance of 300 to 600 feet from
the north bank of the river (Sverdrup Corporation, 1967; refer to List of Reference Reports at end of text). This
suggests that the regional ground water level on the north side is 7 to 10 feet lower than the river level upstream
of the diversion dam. No water seeps were observed along the north bank. We interpret this information to
imply that water from the river is discharging into the north bank from the river.

Seeps and wet zones of soil were observed along the south bank of the White River upstream and
downstream of the diversion dam. The ground water level measured in boring B-4 located 20 to 30 feet south
of the river is about 2 feet above the river level. This indicates ground water flow is north toward the river.
Ground water recharge from the south bank could also account, in part, for the artesian conditions observed
while dnilling boring B-i located about 60 feet from the south bank. We expect that the reason no artesian
conditions were observed while drilling boring B-2 i1s that the excess pressure head has dissipated at this
distance (260 feet) from the south bank.

CONCLUSIONS AND RECOMMENDATIONS
GENERAL

In our opinion, the proposed diversion dam replacement may be supported on shallow foundations
bearing on the undisturbed native matenials or compacted structural fill. Provided the concrete foundation of
the existing dam 1s structurally sound (to be determined by the structural engineer) and the absence of voids
below the concrete foundation 1s demonstrated, we consider it is also feasible to support the replacement dam
on the existing dam foundation, as planned. Because the radial gate section will be sensitive to differential
settlements, it is possible that these structures may need to be pile-supported. Additional analyses during final
design will be needed to determine the most appropriate foundation system for the radial gates.

Based on the differential head condition across the dam, we expect low to moderate seepage under and
around the dam provided the sand and gravel deposit immediately below the base of the dam is suitably
compacted and cutoffs of sufficient depth are constructed as part of the replacement dam.

The existing dam appears to be stable from a geotechnical standpoint. We found no evidence of
significant lateral or vertical movement of the dam. Some loss of soil was observed below the downstream
apron. We attribute this loss to erosion by turbulence and undercutting at the edge of the apron. No piping of

subgrade soils, either below or around the dam, was observed.
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The existing north dike and underlying native materials are competent. With proper design and
construction, the dike may be raised up to 7 feet by adding new fill and riprap protection without significantly
reducing existing dike stability. The existing access road also appears to be suitable for placement of additional
fill for new dike construction. We present preliminary recommendations for raising the level of the dike in these
two areas in subsequent sections.

Based on site reconnaissance and a review of air photographs it appears that relatively little erosion has
occurred along the north and south banks of the White River within 1/2 mile upstream of the dam since 1936
(reference 1936 air photograph). Existing riprap protection of the north bank dike has adequately protected the
dike fill with minor repair every few years.

The conclusions and recommendations in the following sections are specific to the existing diversion dam
and river conditions and general foundation design input for the replacement dam. Recommendations regarding
the replacement dam should, in general, be considered preliminary. Specific geotechnical recommendations and
construction considerations pertaining to the proposed diversion replacement dam and related remedial measures

will be prepared during the final design phase of the project after additional geotechnical information is obtained.

FOUNDATION SUPPORT

The dam may be supported directly on undisturbed or compacted native soils (either Osceola mudflow or
alluvial deposits), compacted structural fill or the existing concrete foundation, provided it is structurally sound
and there are no voids below the foundation. We recommend that a structural engineer verify the structural
integrity of the existing dam structure during final design by means of concrete coring. The foundation materials
underlying the existing dam foundation should be explored at the same time to confirm their adequacy for
supporting the rubber weirs and fixed crest concrete panels. This is described in a later section.

Foundations placed on competent bearing strata may be designed for an allowable bearing pressure of 2,000
psf (pounds per square foot) for combined dead and long-term live loads. The allowable soil-bearing value may
be increased by one-third for transient loads such as those induced by seismic events. This soil-bearing value is
based on correlation between blow count and allowable soil-bearing values reported in the literature and our
experience with similar soils. We estimate that the existing structure exerts an effective pressure of 600 to 1,000
psf on the subgrade soils. Higher allowable soil bearing pressures may be possible after further evaluation of
settlements.

Settlement due to foundation loading is expected to be primarily elastic in nature and will occur essentially
as the loads are applied. The magnitude of settlement will be dependent on the type of foundation and the actual
design loads of the replacement dam. Preliminary analyses indicate that total elastic settlements on the order of 1
mch or less may occur under a design load of 2,000 psf. Total settlement under other loads would be directly
proportional to the applied load. Differential settlements below a particular foundation may range from 1/8 to 1/2

of the total settlement, depending on soil variability, load eccentricity and foundation stiffness. Since
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there 1s no evidence of appreciable amounts of organics or fine-grained soil at the site, we anticipate that long-
term settlement due to plastic deformation or creep of the soil will be negligible.

We understand the radial gates are sensitive to differential settlement. The preliminary settlement
estimates presented above may exceed the allowable foundation settlements. Further analyses will be required
during final design to refine these estimates. If, at that time, 1t 1s found that settlement of on-grade foundations
may be excessive, alternate foundation systems will need to be considered for the radial gates. Other methods
of foundation support include replacing a portion of the native soils with compacted import material such as
crushed rock. Pile foundations bearing in the underlying mudflow deposits may also be feasible. These will be

evaluated further, if appropriate, during final design.

LATERAL LOAD CONSIDERATIONS

Active earth pressures on the upstream dike walls or cutoffs may be evaluated using a triangular-shaped
equivalent fluid earth pressure of 18 pcf (pounds per cubic foot) times the height of soil behind the dam wall or
cutoff. Hydrostatic and dynamic water pressure should be added to the equivalent fluid earth pressure.

Resistance to lateral loads may be developed through friction between the foundation base and the
underlying soils and by passive earth pressure along buried foundation components. Friction along the base of
the foundation may be computed using a coefficient of friction of 0.5 applied to vertical dead-load forces. This
value 1s based on an effective friction angle of 26 degrees between the soil and the base of the darn. An
appropriate factor of safety should be applied to this value. Higher friction coefficients are possible depending
on the foundation preparation at the dam/subgrade interface.

In addition to base friction, passive pressure along the downstream dam wall or cutoff may also be used to
resist lateral loads. An equivalent fluid earth pressure of 250 pcf times the height of soil is considered
appropriate for the passive case under submerged conditions. The depth of soil in the passive zone should be
reduced to reflect the potential for scour in this zone. The actual reduction will depend on hydraulic conditions
and the scour resistance of the soil.

Values presented above for the active and passive earth pressures do not include a factor of safety. We
recommend that the structural engineer include an adequate factor of safety in the design of structures which

need to resist lateral loads.

SEEPAGE
GeoEngineers completed seepage analyses below and around the existing diversion dam to

develop baseline seepage rate estimates for use by the design team during the preliminary design
phase of the project. These analyses are based on the existing dam configuration. Seepage rates will be
effected by the replacement dam configuration. Therefore, additional seepage analyses are

recommended during the final design phase of the project when details of the replacement
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diversion dam design are finalized. We also completed preliminary seepage analyses downstream of the
proposed temporary cofferdams to be used to divert water during construction. A discussion of these analyses
is presented in the "CONSTRUCTION CONSIDERATIONS" section of this report.

The permeability of the native sandy gravel located at the elevation of the base of the existing diversion
dam was estimated based on the results of slug (permeability) tests performed in the well installed within
boring B-3 and also empirical relationships. The well screen in B-3 extends from the elevation of the base of
the dam to approximately ten feet below the base. The fines content of the soil samples recovered from within
this zone in boring B-3 ranged from 3 to 7 percent. Permeability, measured in the slug tests, ranged from about
1.0x107 to 3.4x10° cm/sec (centimeters per second). The permeability of the native materials was also
estimated using Hazen's Formula, an empirical relationship correlating permeability with soil grain size. This
approach indicates a range of permeabilities from 1.0x107 to 1.0x10” cm/sec for the soils encountered.

Soil grain-size tests performed on representative samples obtained from borings drilled through the dam
indicate that the percent fines content ranges from about 2 to 7 percent for the near-surface sands and gravels
(3 to 9 feet below the base of the dam) and from about 4 to 17 percent for the underlying mudflow sediments.
Isolated pockets of cleaner material may also be present within the Osceola Mudflow deposits as evidenced by
the artesian conditions encountered in boring B-1. For the seepage analysis we have assumed that the average
permeability of the foundation soils ranges from 1x10™ cm/sec to 1x10" cm/sec.

We used a standard flow net analysis method to estimate the seepage below the existing dam. The flow
net diagram is presented in Figure 4. Based on the estimated range of average soil permeability, we calculate
the range in seepage under the existing diversion dam to be 1.0 to 10.0 cfs (cubic feet per second). This
corresponds to 0.05 to 0.5 percent of the maximum intake (2,000 cfs) into the flume. Using the average
permeability obtained from the slug tests (2x10-* cm/sec), a seepage rate of approximately 2.0 cfs under and
around the dam 1s calculated, which corresponds to 0.1 percent of the maximum flume intake. These
calculations assume 11 feet of differential head across the dam. Since seepage rate is directly proportional to
differential head, seepage rates at other heads may be estimated through linear extrapolation of these values.

Uplift pressures on the base of the existing diversion dam were also estimated using a flow net analysis.
Our results are shown in Figure 4. The largest uplift pressures along the base of the dam occur immediately
downstream of the upstream cutoff wall. Assuming 11 feet of differential head we estimate the maximum
uplift pressure at this location to be on the order of 600 psf. The uplift pressures decline linearly along the
base of the dam to an estimated value of 250 psf just upstream of the downstream cutoff wall. These
estimates assume that there 1s no alleviation of uplift pressure along the base of the dam foundation.

Drawings of the existing foundation, however, indicate two means of pressure alleviation below the dam.

The first consists of 2-foot-square holes at 6-foot on-center in the concrete base. The second consists of
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" 10-inch-square openings at 6-foot on-center in the downstream concrete cutoff wall. While these openings
may reduce water pressure, we assumed conservatively that their effect would be minimal on the overall uplift
pressure below the dam.

Although 1t 1s difficult to document at this time due to the lack of visual observations, it is our opinion
that the potential for piping below or around the dam is relatively low based on the small differential head
across the dam and the grain-size distribution of the native soils. The loss of soil below the downstream toe of
the dam 1s most likely caused by water turbulence eroding the soil in this area. Evidence of piping below the
existing dam structure should be evaluated during final design.

We understand that sheet pile cutoff walls will be used to reduce piping along the downstream side of the
replacement dam. Cutoff walls can be effective in reducing seepage and seepage forces under the dam by
lengthening the flow path below the dam. For the replacement dam, which will be a similar width as the
existing dam, the proposed cutoff wall depth of 12 feet is appropriate, in our opinion. The contractor may
encounter difficulty driving sheet piling to this depth if large cobbles or boulders are encountered. This is
discussed 1n more detail in a subsequent section entitled "CONSTRUCTION CONSIDERATIONS."

Our estimates of seepage quantities, uplft pressures, and piping potential are based on the geometry and
hydraulic conditions for the existing diversion dam. We anticipate that seepage, uplift and piping will be
reduced by construction of the sheet pile cutoffs for the replacement dam. We recommend that a scope of
services during the final design phase include the evaluation of seepage, uplift and piping for the final dam

configuration.

NORTH DIKE CONSTRUCTION

The existing north dike alignment begins at the nght dam abutment and extends upstream along the north
bank of the river a distance of about 2,500 feet (refer to Figure 1). The proposed north dike alignment will also
begin at the right dam abutment, but will extend upstream along the existing access road a distance of about
800 feet. At that point, the proposed dike alignment will follow the existing dike alignment. Proposed
construction of the north dike for will including raising elevation by 2 to 5 feet along the 800-foot-long access
road and along approximately 500 feet of the existing north dike (from about Station 10+00 to 15+00 along the
existing alignment, Figure 1). The proposed dike addition will overlie the existing access road between Station
0+00 and 5+00 of the proposed alignment. Because of space constraints, the new fill for the proposed dike
addition will be placed primarily over native soils south of the existing access road fill between Station 5+00
and 8+00.

Work on the east 1,000 feet (Station 15+00 to 25+00 along the existing alignment) of the existing dike
will be accomplished under a separate contract relative to construction of the proposed water intake structure
for the fish hatchery. Recommendations in this section of the report are limited to north dike construction from
Station 0+00 to 13+00 along the proposed dike alignment. References to stationing in this section pertain only
to the proposed alignment stationing shown in Figure 1.
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The existing north dike (from Station 8+00 to 13+00) 1s typically constructed of gravelly sands which are
loose to medium dense and overlay existing alluvial deposits of sand and gravel. We estimate the side slopes of
the dike to be currently at between 2:1 and 3:1 (horizontal to vertical). Typical cross-sections are presented in
Figure 5. Much of the dike is lined with riprap or concrete.

No explorations have been completed in or near the access road. Based on evaluation of surface soils, we
anticipate that the road is comprised primarily of sand and gravel with relatively minor percentages of silt. The
river side of the 2- to 4-foot-high road is protected by 12-inch - minus quarry spalls.

It is our opinion that the dike itself and the underlying native soils are inherently stable at the existing
configuration. The existing access road also appears to be inherently stable and suitable for placement of
additional fill. All trees and other vegetation in the existing dike and within the zone of proposed fill placement
should be removed to ground level. We recommend that the near-surface soils of the existing dike and access
road be well compacted using a vibratory roller prior to placing any fill. Some areas along the toe of the access
road or dike may be underlain by soft, native soil deposits. Any soft or loose areas should be removed and
replaced with compacted structural fill. A determination of the suitability of subgrade soils should be made at
the time of construction.

The height of the existing dike and access road may be increased by placing suitable fill over adequately
prepared subgrade. Widening of the dike will be required in some areas where the top of the existing dike is
narrow. Specific design recommendations regarding fill thickness, material specifications and riprap protection
will depend on the location along the dike or access road, new dike elevations and the existing condition of the
dike and access road. We present conceptual recommendations for increasing dike height in Figure 5.

We recommend that the fill consist of sand and gravel containing less than about 12 percent fines (percent
passing the number 200 sieve, by dry weight). The fill should be compacted in lifts not exceeding 12 inches
loose thickness to a minimum density of 90 percent of the maximum dry density as per ASTM D-1557. We
anticipate the fill may be obtained from various on-site and off-site sources. We understand that construction
scheduling may be such that material for the earth cofferdam for Phase I (discussed in a subsequent section
entitled "CONSTRUCTION CONSIDERATIONS") could be used for the north dike construction. Also, dredge
soil from the nearby Walsh Basin pit is available. Based on our preliminary evaluation of these materials, it is
our opinion that they would be suitable for north dike construction. A geotextile fabric or a suitable thickness of
a soil filter blanket may be needed along the river side slopes to prevent finer fill material from washing out
through the riprap.

The south slope of all new fill areas for the north dike should be protected with riprap. Based on an
evaluation of the performance of existing riprap in this area of the river, we recommend that the riprap consist
of sound, angular rock with a maximum size of 24 inches and a mean size of 12 inches. The existing riprap
along the south slope of the access road 1s considered suitable for permanent riprap protection of the new dike.

We recommend that this
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riprap be removed prior to dike construction and stored on site for later use along the dike slopes. Elsewhere,
riprap will need to be imported from a suitable source which should be approved by GeoEngineers prior to
transport of riprap to the site.

Below the new fill, we recommend that riprap be used only to fill in relatively large voids in between the
larger rock or where riprap is absent in the older existing dike sections. In areas where existing riprap appears
to be stable new riprap will probably not be required. After one to two winter seasons, the performance of the

dike should be evaluated and repairs made as necessary.

RIVER CHANNEL AND DIKE EROSION PROTECTION

The riverbanks and the north dike located within a half mile upstream of the dam appear to be fairly
stable at this time. Some minor erosion and bank recession appear to be present along the south bluff just
upstream of the dam. Erosion of this bluff has occurred relatively slowly historically based on the review of
the aerial photographs. It is not possible to accurately estimate changes in historical erosion rates from air
photographs due to lack of clarity. The average rate of bank erosion appears to have been about 0.1 to 0.2 feet
per year over the last 50 years. It is likely that bank erosion will continue at this rate, provided there are no
changes in river flow or geometry. We anticipate that bank erosion will be intermittent with slabs of soil
falling into the rniver during high flow rates and little to no erosion at other times. The rate of bank erosion may
increase if upstream river conditions (including flow rates or river geometry) change.

It 1s possible that a slight increase in bank erosion may occur over historical rates due to a narrower
channel and slightly sharper bend that has developed in this part of the river over the last 20 years. However,
we do not expect any rate increase to be significant. Based on our findings, we do not anticipate that bank
erosion protection will be needed along the south bluff if historical erosion rates, or slightly higher, are
acceptable. Should the rate of bank erosion increase in the future, the need for bank erosion protection should
be evaluated.

We recommend that a monitoring system be installed at the top of the bluff in this area to obtain more
information on the erosion rate. The monitoring system may consist of steel stakes driven into the ground and
surveyed, horizontally and vertically. The monitoring frequency should be at least annually for the first few
years and, depending on the results, may be reduced subsequently.

If the historical erosion rates are judged to be unacceptable and additional riverbank protection is deemed
appropriate, it may be accomplished by several methods. These include flattening the bluff and protecting the
slope with suitable riprap material or constructing training groins. Slope flattening may be accomplished by
either placing fill along the toe or by cutting back from the top of the bluff. Tramning groins, if used, will
require placement of large rock (i.e., 2 to 3 feet in size) in the river in a configuration such that sediment will

naturally be
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deposited behind the groins. We anticipate that the upstream tie-in point to the riverbank will be approximately
1,000 to 1,200 feet upstream of the diversion dam. Details of the groin configuration may be developed as
needed.

The south bank upstream of the bluff is covered with well-established vegetation. Erosion protection of
the south bank beyond about 1,000 feet upstream of the dam does not appear to be warranted.

Based on our observations and discussions with King County and Puget personnel, we consider the level
of slope protection along the north bank 1,800 to 2,500 feet upstream of the dam to be marginally adequate.
The existing riprap (about 2-foot maximum size) appears to be protecting the slope satisfactorily from
excessive erosion. However, since the dike was constructed in 1968, repair and replacement of portions of the
rock protection has been required on at least four occasions. Apparently only moderate losses of protection
have occurred after any one high flow period and the overall integrity of the dike has remained intact.

We consider that two options for protecting this portion of the existing dike are available. The first is to
continue with the existing dike protection program with the understanding that repair and replacement of
portions of the protection will be required every few years. The second option involves overlaying existing
dike surfaces with a properly designed erosion protection system. In areas where riprap is absent or of
insufficient thickness, we envision the system may involve two layers of material. A layer of large diameter
(about 3 feet) riprap should overly a layer of smaller diameter well-graded crushed rock. This smaller rock
would serve as filter material to reduce erosion/ piping losses of material through the larger rock. Where the
existing riprap is present in sufficient thickness, we anticipate that the large diameter riprap can be placed
directly over the existing riprap. Use of larger riprap may be expensive since it is our understanding from King
County Flood Control representatives that larger riprap is not available locally. Continued use of existing
smaller riprap with periodic maintenance may be more cost-effective.

The older portion of the north dike that will still be used and 1s located from 1,000 to 1,300 feet upstream
of the dam appears to be stable with little to no evidence of erosion. Vegetation is well-established on the dike
slopes and most of the shoreline in this area 1s somewhat protected by the sand and gravel bars on this side of
the river. Therefore, it is our opinion that additional erosion protection is not warranted in the older portion of
the north dike except in areas where significant voids exist between large rocks or where riprap is absent (refer
to previous section entitled "NORTH DIKE CONSTRUCTION").

CONSTRUCTION CONSIDERATIONS
This section addresses geotechnical aspects of the construction of the proposed replacement dam. Our
understanding of the construction schedule, methodology and sequencing as it is presently envisioned, is
based on discussions with Mr. Bob King and on information in Draft Technical Memorandum No. 12 by
HDR Engineering, dated December 24, 1991.
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We understand that the project will be constructed in two phases over a one-year period. Construction in
the White River will require the use of temporary cofferdams upstream of the site to divert the river around the
project area. The cofferdams will be designed for a water elevation of 671 feet with 3 feet of freeboard. The
design elevation of the top of the cofferdams will therefore be 674 feet. Excavation depths behind (downstream
of) the cofferdams is expected to vary from Elevation 660 feet in the Phase I area to as deep as Elevation 647
feet in the Phase II area. In the following subsections we present a discussion of construction considerations for

cofferdams and dewatering.

COFFERDAMS AND TEMPORARY DIVERSION CHANNEL

Phase |

The cofferdam for Phase I will extend from the right abutment of the existing dam approximately 250 feet
south. The existing riverbed elevation in this area varies from 671 to 665 feet, corresponding to a cofferdam
height of 3 to 9 feet above the present riverbed level. The northern 200 feet of the cofferdam will be in a
secondary channel of the river where the water velocity is relatively low. The southern end of the cofferdam
will extend approximately 40 to SO feet into the main channel of the river where the water velocity is high.

The northern 200 feet of the Phase I cofferdam will be an earth dike comprised of sand and gravel. Riprap
protection will probably not be needed because of the low water velocity in this area of the river. Heavy plastic
sheeting should be placed over the upstream face of the earth cofferdam to reduce water flow into the
excavation.

We recommend that the fill material for this portion of the cofferdam consist primarily of gravel with less
than 50 percent sand and less than 5 percent fines by weight. Less coarse material will be difficult to place
below water. The material in the sand and gravel bars near the north bank of the river and in the bars in the
middle of the river is expected to be suitable for this use, provided the necessary permits for dredging can be
obtained. The surficial 1 to 2 feet of so1l in the ponded bars near the right abutment probably contain too much
sand and gravel to permit placement in water. We recommend that these siltier soils not be used in cofferdam
construction. Any proposed import fill should be evaluated prior to its transport to the site. We anticipate that
an earth cofferdam could be constructed with slopes of about 2/2H: IV. The actual slope angle that can be
achieved will depend primarily on the gradation of the fill material. We anticipate that adequate compaction
can be achieved by the action of dozer equipment passing over the fill, provided the material conforms to our
recommendations.

The southern 50 feet of the Phase I cofferdam may be constructed using either sheet pile cells or crushed
rock fill protected by riprap. It is our opinion that the crushed rock option may be more cost-effective than the
sheet pile cells because of the higher costs of driving sheet piles in this type of soil, particularly for such a small
area. A discussion of sheet pile cellular cofferdams is presented in the following subsection for Phase II.

The crushed rock, if used, should consist of well-graded, 4-inch-minus angular material with less than 5

percent fines by weight. The purpose of using crushed rock instead of sand and
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gravel 1s that the more angular material will allow easier placement and compaction in the higher water
velocities. This material will need to be imported from a suitable source. Because of the high water velocity in
this area this portion of the Phase 1 cofferdam will need to be protected from erosion by placing adequately
sized riprap along the upstream face. It will likely be necessary to place the riprap in front (upstream) of the
cofferdam site prior to placing any crushed rock to provide a partial diversion of the water flow. Temporary
lowering of the pool behind the dam (i.e., lowering the river level) would facilitate material placement and is
recommended. Once the crushed rock is in place the riprap would be moved over onto the upstream face of the
dike.

We anticipate that the riprap will need to be relatively large, ranging from 1 foot up to 3 to 4 feet in size.
It will probably not be possible to place plastic sheeting or geotextiles along the upstream face of this part of
the cofferdam due to the high water velocities. It may be necessary to drive sheet piles through the crushed rock
after the cofferdam is constructed to reduce water flow into the excavation. Alternatively, it may be feasible to
install additional wells in this area of the cofferdam. This should be evaluated further during the design phase
after the recommended field programs, discussed below, are completed.

A temporary sheet pile cofferdam and diversion channel will be constructed upstream of the existing
intake channel as part of Phase I construction. The primary geotechnical concerns related to this construction is
the problem that may arise during installation of the sheet piling due to the presence of large cobbles and
boulders in the soil. A discussion of sheet pile installation and methods to reduce impacts of cobbles and

boulders on pile driving is presented in the following section pertaining to Phase II construction.

Phase li

The cofferdam for Phase I construction will be located entirely in the main channel of the White River.
An earth cofferdam is not feasible in this area. The Phase II cofferdam will therefore consist of connecting
sheet pile cells filled with sand and gravel. The present riverbed elevation in this area is not accurately known.
Based on interpolation between topographic lines we anticipate that the riverbed elevation ranges from about
658 to 664 feet. The planned elevation of the base of the excavation behind the cofferdam ranges from 658 to
647 feet corresponding to depths below existing river bottom of about 2 to 11 feet.

The sheet piles will need to be driven sufficiently deep to provide adequate stability against sliding and
overturning and to reduce the potential for scour around the base of the cells. Driving the sheet piles to the
required elevations is expected to be very difficult and may be impossible using standard driving techniques
due to the presence of cobbles and boulders in a relatively dense matrix. The size of boulders encountered in
our explorations and observed in the riverbed ranges from 1 to 4 feet in diameter. The results from NHC's
physical model tests indicate that scour depths may be on the order of 8 to 10 feet. Based on these results, we
recommend that the sheet pile cells should extend a minimum of about 10 to 12 feet below the present river
bottom to provide adequate resistance against scour. Driving to this depth will, as
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a minimum, require the use of pile tips. In addition, predrilling or pre-spudding may be required where large-
sized boulders are encountered. It may also be necessary to clam out material inside the cofferdam as the piles
are being driven in order to drive the sheet piles.

The fill material for the cellular cofferdams should consist of sand and gravel with less than 5 percent
fines by weight. The native riverbed deposits in this area of the river are expected to be suitable for this use.
Import fill, if required, should be similar to the native sand and gravel in the river. A preliminary value for the
coefficient of friction of 34 degrees and a wet unit weight of 130 pcf can be used for conceptual design of the

cells. Refinement of these values should be made after the actual fill material has been selected and evaluated.

DEWATERING

Temporary dewatering will be required to control ground water seepage into the excavations. During
Phase I construction we anticipate that 2,000 to 6,000 gpm may need to be removed from the excavation,
assuming that the southern end of the cofferdam will be constructed using crushed rock without any cutoff.
These flow rates are based on the assumption that soils underlying the cofferdam are relatively permeable to
depths on the order of 40 to 50 feet. Lower flow rates are expected if the mudflow deposits anticipated below
about 9 feet in depth are less permeable than assumed. In addition, significantly less water seepage (about one
half) would be expected if the southern portion of this cofferdam is constructed using sheet pile cells or if a
sheet pile cutoff 1s installed through the crushed rock fill. Because of the plastic sheeting along the northern
portion of the earth cofferdam most of the seepage into the excavation will originate from soils below the
cofferdam.

During Phase II construction, seepage will be primarily below the cellular cofferdams. If these cofferdams
extend sufficiently deep into the low permeability mudflow deposits they will act as a partial cutoff and
seepage flow will be reduced. If higher permeability soils are present around and below the cells or the
installation of the sheet piles results in zones of coarse material around the piles, then higher seepage will be
expected. Based on preliminary flow net analyses we estimate that total seepage into the Phase II excavation
may range from 4,000 to §,000 gpm.

Because of the relatively high seepage rates we recommend that dewatering be accomplished using either
wells or well points. At this time we anticipate that the well tips will need to extend to a depth of about 40 to 50
feet below the base of the cofferdams. In Phase I, the wells should be installed along the downstream side of the
cofferdam. In Phase II the wells should be installed through the middle of the cells. Shallow sumps with pumps
may also be required at the base of the excavation to intercept local seepage. Artesian conditions were
encountered in one boring (B-2) at an elevation of about 631 feet (30 feet in depth). While planned excavations
are not this deep, 1t 1s possible that artesian conditions may be encountered at shallower depths. If artesian
ground water 1s encountered during construction, additional wells may be required inside the excavation. Flow

rates could increase by several thousand gallons per minute 1f significant artesian water is encountered.
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The size, spacing and design of the wells will need to be addressed during the final design phase.
GeoEngineers will be available to provide additional geotechnical input to dewatering design after more
information is obtained during the final design phase. This is discussed in more detail in a subsequent section
entitled "RECOMMENDED FUTURE GEOTECHNICAL SERVICES."

RECOMMENDED FUTURE GEOTECHNICAL SERVICES
The conclusions and recommendations presented above are based on widely spaced exploration data and
preliminary design drawings. The in-river project construction period will likely be limited to a few months
based on regulations governing fisheries and the flow conditions in the river itself. This will result in a very
tight project construction schedule. With this in mind, it seems prudent to carry out appropriate test programs
during final design to confirm geotechnical conditions in order to reduce the potential for negative construction
mmpacts and delays. We have accordingly identified several test programs to meet this objective and also

identified additional geotechnical engineering services which will be required during the final phase of design.

FIELD AND LABORATORY TEST PROGRAMS
1. Test pile program - A test pile program should be implemented to evaluate the feasibility of driving sheet
piles n the riverbed conditions, both upstream and downstream of the dam and in the area of the
proposed temporary diversion. This would allow evaluating various construction techniques such as
predrilling, spudding and using pile tips to drive sheet piles into the gravel, cobble and boulder layer.
From this program we would be able to develop more specific recommendations for construction of the
cellular cofferdams.

2. Test seepage program - A small excavation should be made in the sediment adjacent to the flashboards at
the right abutment to monitor seepage through the sediment and native riverbed soil below the bottom of
the excavation. The excavation may be readily dewatered by removing the flashboards. Seepage will be
observed as the excavation is dewatered.

3. Pump test program - One or more pump tests should be conducted in either an existing well or in a new
well installed in the test excavation area (or both). The pump test would allow evaluation of site-specific
seepage rates, drawdown characteristics, effectiveness of the well design and pumping requirements for

use in the design of a temporary dewatering system during construction (discussed further below).
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4. Concrete coring program - About two-thirds of the replacement dam will utilize the existing dam
concrete slab foundation and underlying soils for support. Based on the two borings drilled through the
existing dam we do not anticipate the presence of voids beneath the concrete slab; however, because of
the potential variability of conditions at this site and because of the potential adverse impact on the
construction schedule of the replacement dam if voids are present, we propose to core about six to eight
small-diameter holes through the existing dam apron. This will allow evaluation of the thickness of the
concrete, quality of the concrete, and the presence or absence of voids (due to piping erosion) below the
slab.

5. Additional boring program - No subsurface information is available for the proposed control building site
located upstream of the dam. In addition, more information is needed regarding the nature of the soils
along the proposed downstream sheet pile cutoff. In particular, it will be important to obtain more
information regarding the depth to and the amount of silt in the mudflow deposits to properly evaluate
potential scour in this area of the dam. We therefore recommend that additional borings be drilled for the
project. One or two borings may be appropriate at the proposed control building site. One boring every 50
to 60 feet along the downstream side of the existing dam is also recommended.

6. Additional onshore test pit program - The proposed alignment for a portion of the north dike has been
moved north along the existing access road since our first test pit program. There are no test pits near or
in the existing access road. We therefore propose to excavate four to eight additional test pits along the
toe of and in the access road to evaluate soil conditions with regard to ability in proposed fill areas. The
test pits would be accomplished using the excavator designated for the test seepage program discussed
above.

7. Geotechnical laboratory test program - The use of material from on-site (riverbed deposits) and near-site
(Walsh basin dredge material) i1s planned for the earth cofferdam, inside the cellular sheet pile cofferdam
and for the north dike construction. We recommend that representative samples be obtained from these
and other potential borrow sources, if applicable, for laboratory testing. Tests would include moisture

content determinations, grain-size analyses and maximum dry density determination.

ENGINEERING SERVICES

1. Final design recommendations - Once more details regarding the replacement dam components are
available we will review preliminary recommendations presented herein and refine or revise them as
appropriate.

2. Settlement analyses - We understand that the radial gates are very sensitive to post-construction
settlements. It 1s our opinion at this time that, with proper preparation, the in-situ soils at the site will
likely provide adequate support for these structures. Potential settlement of the radial gates should be

evaluated once final design dead and live loads are available to see that the estimates are acceptable.
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3.

Refined seepage analyses - The seepage analyses presented herein are based on the existing dam
foundation. Estimate flow rates below the replacement dam should be made when the final details of the
replacement dam are available.

Dewatering design - We understand that construction scheduling will be very important to the success of
the project. Regulations governing construction in the river may limit the construction schedule.
Therefore, 1t will be important that the contractor install a dewatering system that has surplus capacity to
remove water from the excavation. Delays due to inadequate dewatering may adversely impact the
construction schedule. Typically, the contractor i1s made responsible for the design as well as
construction of the dewatering system. The costs for this work are typically bid on a lump sum basis.
Because of this, 1t is common for the contractor to design a dewatering system with a low or no factor of
safety. If the system 1s inadequate, then additional wells are added later. This can result in construction
delays. To reduce potential construction delays, we recommend that the design of the system be a
coordinated effort between the design team and the contractor. Because of the potential unknowns, we
also recommend that the contract be on a time-and materials basis to increase the contractor's incentive
to develop an adequate system the first time. Data from the pump tests (described above), together with
iput from the contractor, should be used to develop recommendations for the design and construction of
the appropriate dewatering system. This should reduce potential change orders during construction.
Control building - Temporary and permanent cuts will be required along the south bluff for the proposed
control building. Recommendations regarding cut slope stability, minimum slope angles, temporary
retaining structures and permanent walls will be required. Once details regarding the location, depth and
space requirements of the excavations in this area are known we can develop design geotechnical
recommendations. Specific recommendations regarding additional explorations will be made during the

final design phase.
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LIMITATIONS

We have prepared this report for use by Puget Sound Power & Light Company and HDR Engineering
Inc. in design of a portion of this project. The data and report are based on preliminary reconnaissance and
design information and our conclusions and interpretations should not be construed as a warranty of the
subsurface conditions. We will prepare a scope of services together with estimated costs for the final design
phase in a separate proposal.

Within the limitations of scope, schedule and budget, our services have been executed in accordance with
generally accepted practices in this area at the time the report was prepared. No other conditions, express or
implied, should be understood.

We trust this information meets your needs. If you have any questions regarding this information, please

contact us.

Respectfully submitted,
GeoEngineers, Inc.

Daniel W. Mageau, P.E.
Senior Engineer

Gordon M. Denby, P.E.

Principal
DWM:GMD:wd
Document ID: 0186115.pr
16 copies submitted
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APPENDIX A

FIELD EXPLORATIONS AND LABORATORY TESTING
FIELD EXPLORATIONS

Subsurface explorations at the site were explored by drilling four borings from August 28 to September
4, 1990, excavating 8 test pits on September 14, 1990, excavating five test pits on August 2, 1991 and
digging four hand holes on April 16, 1992. The four borings were drilled to depths ranging from 40 to 50 feet
using a truck-mounted air-rotary drill rig. Relatively undisturbed samples were obtained from the borings
using a 3.25 inch O.D. split-barrel sampler driven into the soil using a 300-pound hammer falling a distance
of approximately 30 inches. The number of blows required to drive the sampler the last 12 inches, or other
indicated distances, is recorded on the boring logs. The locations of the borings are shown on the Site Plans,
Figures 1 and 2.

Test pits TP-1 through TP-8 were excavated in the east portion dike along the north bank of the river
with a rubber-tired backhoe to depths ranging from 7 to 10.5 feet. Test pits TP-9 through TP-13 were
excavated in the river bed downstream of the existing dam using a track-mounted excavator. The depths of
these five test pits ranged from 7 to 16 feet below the river bed. The locations of the test pits are shown on
the Site Plan in Figure 1.

Hand holes H-1 through H-4 were excavated in sand bars in the river by digging with a hand shovel.
The depth of the holes ranged from 1 to 3 feet. Location of the hand holes is shown in Figure 2.

The explorations were either completed or were continuously monitored by a geotechnical engineer
from our staff who selected sample intervals, examined and classified samples recovered, and kept a log of
each boring based on examination of the samples. Exploration locations were measured by taping and pacing
from existing survey markers located in the field. Ground surface elevations at the explorations have been
interpreted from contours shown on a photogrammetric map constructed by Walker and Associates, Inc.
entitled "White River," dated December 11, 1989.

The soils encountered in our explorations were classified visually in general accordance with the
classification system described in Figure A-1. A key to the boring log symbols is presented in Figure A-2.
The exploration logs are based on our interpretation of the field and laboratory data and indicate the various
types of soils encountered. They also indicate the depths at which these soils or their characteristics change,

although the change might actually be gradual. If the

GeoEnginecrs A-1 File No. 0186-115-R06/042792
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change occurred between samples, 1t was interpreted. The boring logs are presented in Figures A-3 through
A-8. Test pit logs are presented in Figures A-9 through A-14. A description of the soils encountered in the

four hand holes 1s presented in Figures A-15.

Site ground water conditions were observed as the explorations were performed. These
observations are presented on the boring and test pit logs. The water level in the well installed

within boring B-3 was also recorded.

LABORATORY TESTING

All soil samples were brought to our laboratory for further examination. Selected samples were tested to
determine grain size characteristics. Mechanical grain-size analyses were performed on thirteen representative
soil samples. Gradation curves for these samples are presented in Figures
A-16 through A-22. Nine additional samples were tested for percent fines (material passing the number 200
sieve). The percent fines test results are presented in Figure A-23. The laboratory tests which were performed

on the soil samples are also indicated on the boring logs.

SLUG TESTS

A series of slug tests was performed on the 2-inch-diameter well installed within boring B-3.
Slug test numbers 1 and 2 were performed by adding a one and four gallon slug of water to the well,
respectively. A solid 1.25-inch-diameter rod was used as the slug for test numbers 3 and 4. The rod was
inserted and removed from the well for the respective tests. Water level measurements were measured and
recorded with a data acquisition system consisting of a pressure transducer, a data logger, and a portable
personal computer. The field data was reduced using Hvorslev's method and the Bouwer-Rice method. The

results are presented in Figure A-24.

GeoEngineecers A-2 File No. 0186-115-R06/042792
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o

SOIL CLASSIFICATION SYSTEM

MAJOR DIVISIONS b o GROUP NAME
WELL-GRADED GRAVEL, FINE TO
GRAVEL CLEAN GRAVEL GwW
COARSE COARSE GRAVEL
GRAINED GP POORLY-GRADED GRAVEL
SOILS
MORE THAN 50% GRAVEL GM SILTY GRAVEL
OF COARSE FRACTION w
RETAINED ITH FINES
ON NO. 4 SIEVE GC CLAYEY GRAVEL
MORE THAN 50%
RETAINED ON WELL-GRADED SAND, FINE TO
NO. 200 SIEVE SAND CLEAN SAND sw COARSE SAND
SP POORLY-GRADED SAND
MORE THAN 50% SAND SM SILTY SAND
OF COARSE FRAGTION
pepbirpily WITH FINES
NO. 4 SIEVE sc CLAYEY SAND
SILT AND CLAY ML SILT
FINE INORGANIC
GRAINED cL CLAY
SOILsS LIOUID LIMIT
LESS THAN 50 ORGANIC oL ORGANIC SILT, ORGANIG CLAY
SILT AND CLAY MH SILT OF HIGH PLASTICITY, ELASTIC SILT
MORE THAN 50%
INORGANIC
PASSE?E\??' 200 CH GLAY OF HIGH PLASTICITY, FAT CLAY
LIQUID LIMIT
50 OR MORE ORGANIC OH ORGANIC CLAY, ORGANIC SILT
HIGHLY ORGANIC SOQIiLS PE PEAT
NOTES: SO MOISTURE MODIFIERS:

1. Field classitication is based on
visual examination of soll in general
accordance with ASTM D2488-83.

2. Soil classification using laboratory
tests is based on ASTM D2487-83.

Dry - Absence of moisture, dusty, dry

to the touch

Molst - Damp, but no visible water

Wet - Visible free water or saturated,

usually soll is obtalned from
below water table

w

. Descriptions of soil density or
consistency are based on
interpretation of blowcount data,
visual appearance of soils, and/or
test data.

GEI 85-88

SOIL CLASSIFICATION SYSTEM

A
\&
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S
4

Engmeers FIGURE A-1
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GE! 86-88 Rev. 6/30

LABORATORY TESTS:

AL Atterberg limits

CP  Compaction

CS  Consolidation

DS  Direct shear

GS  Grain - size

%F  Percent fines

HA  Hydrometer analysis
SK  Permeability

SM  Moisture content

MD  Moisture and density
SP  Swelling pressure
TX  Triaxial compression
UC  Unconfined compression
CA  Chemical analysis

BLOW-COUNT/SAMPLE DATA:

Blows required to drive a 2.4~inch 1.D. ]
split-barrel sampler 12 inches or
other indicated distances using a
300-pound hammer falling 30 inches.

Blows required to drive a 1.5-inch 1.D.
(SPT) split-barrel sampler 12 inches
or other indicated distances using

SOIL GRAPH:

SM  Soil Group Symbol
(See Note 2)

140-pound hammer falling 30 inches.

"P~ indicates sampler pushed with
weight of hammer or against weight
of drill rig.

NOTES:

Distinct Contact Between
Soil Strata

V Gradual or Approximate

Location of Change
Between Soil Strata

Y water Level

I Bottomn of Boring

22 @ Location of relatively
undisturbed sample

12 B Location of disturbed sample

17 )  Location of sampling attempt
with no recovery

10  Location of sample obtained
in general accordance with
Standard Penetration Test
(ASTM D-1586) procedures

26 [ Location of SPT sampling
attempt with no recovery

8 Location of grab sample

1. The reader must refer to the discussion in the report text, the Key to Boring Log Symbols
and the exploration logs for a proper understanding of subsurface conditions.

2. Soil classification system is summarized in Figure A-1.

,//(u/y

/A

KEY TO BORING LOG SYMBOLS

Geo®NZ Engineers

.|

FIGURE A-2
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i8/16/8¢e

oJc:coa

[s]
E
o

DEPTH IN FEET

N
<

10

oy
w

25

30

35

TEST DATA BORING B-1

]
o [
] Lo =] n
- ac 4 ]
= ] ac ¥ 2 DESCRIPTION
] 358 258 33 & Surface Elevation () : 6610
] 20 L8o0 20 8 urface Elevation (ft.) : &
0
Rock and concretce filled timber cnb dam 4
r
T GM  Dark gray sandy finc to coarse gravel with a trace of silt and I
- occasional cobbles (densc, wet) L
- FS
7 H GP  Gray fine 10 coarse gravel with silt, sand and occasional cobbles i
4 Gs GM (dense, wet) L
-1 -10
. L
7 Driving on a cobbie i
= 15
4 %F L
7] SP  Dark gray graveHy medium to coarse sand with silt (dense, wet) I
] SM 20
] M 25
=) §s b
.4 4.‘__._ IGW  Dark gray fine to coarse gravel with sand, occasional cobbles and L
o a trace of silt (dense, wet)
4 = L
= -
FoF S04t B [t 30
N - - E
1 == L
] e L
-
=
1 et i
A
. e 35
'{ GS so/4m R |- -
B - L
< Gray sandy fine to coarse gravel with silt and occasional cobbles L
(dense, wet)
B L
. L 40

Log of Boring

Figure A-3

D-38




TEST DATA BORING B-1

2 i (Continued)
» (=1} > »
=B | e
D we 3t 2 DESCRIPTION
o AL ~ acg D3 € Grouwp
« oo X LBp 0 & Symbol
] ov 0OOC mO ®
) 40 17r 577 W T
i - sP Dark gray medium to coarse sand with gravel (dense, wet) It
45 — s0/4" [
2 o
o i
50 /5 B
N Boring completed at 505 fect on 8/29/90 |
Ground water encountered at approximately 1 foot depth at time
. of drilling B
| Artesian water conditions encountered at 30 feet caused the water L
level in the boring to risc to about S fect above the top of
b boring during drilling -
= 55 L_SS
u -
S
A L
z |
18
]
(=]

(=23
S
I ) R |
T
[=a)
=

| I
65 65
8 — -
Q
! i
o i
o 70 ! 70
g [
: ] :
2 i
75 75
g B L
0 80 - ' -80
::; Note: Sec Figure A-2 for explanation of symbols
s ‘J aw, Log of Bofin
O g 8
GeoNNZ Engineers
NZ L8 Figure A-4

D-39




g

l1e/18/9e

GMD:DJC:CDG

.
H

. .B86~116-806

DEPTH IN FEET

10

15

25

30

35

40

TEST DATA BORING B-2
]
+ ]
u ) 2 "
= o8 S tu A
1%} ve 3 o DESCRIPTION
8 355 DEL 23 ESma  Suace Bievation (W) 6610
5 f8x 6ol #8 3 Symbo urface Elevation (ft.) : .
‘Rock and concrete filled imber cnb dam 0
l Gray sandy fine to coarse gravel with occasional cobbles, a trace i
— of silt and wood fragments (loose, wet) L
i 11 [ ] L5
1 Gs a2 B ) i
] Grades to medium dense
1 s0/s" [ Driving on cobble -
=1 —10
Dark grayish-brown sandy finc to coarse gravel with silt and
i occasional cobbles (dense, wet) B
] JoF o/t N i
i so/2r 15
1 B
il so/5" Large piece of gravel in shoe -
. ) . L
2 Gray silty, sandy fine to coarse gravel with cobbles (dense, wet) |
- cs so/st M 20
il L
- s/t R 25
- i
4 |
il Large piece of gravel in shoe P
~ %F so/a~ K 30
| 50/4" R —35
Boring completed at 40 fect on 8/30/90 i
7 %F so/4c W Ground water encountered at approximately 1 foot depth at time i
= of dnlling L-40

Note: See Figure A-2 for explanation of symbols

A

w

GeoXzZ Engineers

A

Log of Boring

Figure A-5
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il

aMD:DJIC:C0G 1/22/81

86-116-B086

B

DEPTH IN FEET

TEST DATA BORING B-3
L]
+ [ ]
[ [oT] 2 L
. 25 Hee 2m
] »C 3 o DESCRIPTION
o “C A acy o3 g Group .
[} oo N Lwp ~0 ® Symbol Surface Elevation (ft.): 673.0
B | O~ 0ooo mo (]
0 0
Dark brown silty fine to medium sand with gravel and occasional
cobblies (loose, moist) (sod zone) B
j Dark brown silty finc to medium sand with gravel and occasional |
cobbles, (loose, moist)
5= s ; : : L5
Dark brownish-gray silty fine sand (very loose, moist)
j Dark brownish-gray sandy fine to coarse gravel with occasional i
10 - 47 | cobbles and a trace of silt (dense, wet) -10
1 L
50/5"
- =
15 | M i 15
4 |
20~ GS /6" B ?20
] IGW  Brown finc to coarse gravel with silt, sand and occasional cobbics, L
25 GS 81/6" K . |GM (dense, wet) 25
y GM  Gray silty, sandy fine to coarse gravel with occasional cobbles B
E (densce, wet) L
30 — 57/6° Q -
%F 50/5° 30
- F
35 2 B . -35
A : | sp Gray medium sand with silt and occasional gravel (dense, wet) |
R 1| SM Boring completed at 40 feet on 8/31/90 |
Ground water encountered at approximately 12 feet depth at
-1 time of drilling and on 9/6/91 - : -
40 - PoF 5360 @ 2-inch diameter monitor well installed to 25 feet on 8/31/90 L 49

Note: See Figure A-2 for explanation of symbols

Geo

=

Engineers

Log of Boring

Figure A-6
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1e,16/80

:Dac:cDhG

1 QMO

o
©
o
1
n
-
-
!
(o]
o

DEPTH IN FEET

TEST DATA BORING B4

"
4+ ®
[ Lo 3 n
F o8 Sa ot 3
no We 3t 1 DESCRIPTION
3 s 251 B3 5ot Surface Elevation (ft): 674.0
. Sox L&a {8 B Symbo urface Elevation (ft.) : i
0 [F.=[GPF Gray Iinc to coarse gravel with coarse sand and occasional cobbles 0
3 — (medium dense, wet) .
~_—-
N [ . 2
-
[ - L
—4 -
[
-
j - [ ey B
5 SO/5" B e s
~—
| e |
—-—_—
[
4 = [
“| SP Dark gray fine to coarse sand with gravel, occasional cobbles and o
i a trace of silt (dense, wet)
10 50/ [_ 10
N
N | sp Gray gravelly fine 1o coarse sand with silt and occasional cobbles [
| SM (dense, wet) .
7] 50/6" - i
15 -15
T 60/6" i
20 20
i I
] I
7] 62/5" i
25 — —25
i |
; 60/5" ® I
30 — -30
4 L
35 _ﬂ 50/~ R |~ ML Graysilt with sand and gravel (hard, wet) L35
v Sp Gray fine to coarse sand with gravcl,'occasional cobbles and a F
trace of siit (dense, wet) (
| 5120 R . L
40 J

Note: Sece Figure A-2 for explanation of syn;bols

L 40

. lLog of Boring

\

Geo

A

0
’4 ;
2 kEngineers

Figure A-7
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ile/i6/90

:GMD:DJC: CDG

~A1686~116-806

L

DEPTH IN FEET

TEST DATA BORING B4

. - (Continued)
" Lo p 0
= o8 H.oae 3
] s AE T DESCRIPTION
§ 355 258 53k ama
i o< 6ol wo o M
40 40
il [
. L
j I
45 — 100/4* R —45
1 E
50 s+ B Boring completed at 50 fect on 9/4/90 B 50
-1 Ground water encountered at approximately 3 feet depth at time -
] of drilling L
. |
55 55
1 L
60 — —~60
65 . 65
70 70
A L
- L
75 75
80 - —-80

Note: See Figure A-2 for explanation of symbols

A ()
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GEI

LOG OF TEST PIT

DEPTH BELOW SOIL GROUP
GROUND SURFACE CLASSIFICATION
(FEET) SYMBOL DESCRIPTION
TEST PIT A
Approximate elevation: 690 feet

0.0 - 0.5 4 inches minus rock spalls

0.5 = 2.0 12 inches minus rock spalls

2.0~ 4.0 SP Dark grayish-brown gravelly fine to coarse sand with occasional
cobbles, boulders and a trace of silt (medium dense, moist)

4.0 - 8.0 SP-SM Gray gravelly fine to coarse sand with silt, occasional cobbles
and small boulders (medium dense, moist)

8.0 -~ 10.0 SP Dark grayish-brown gravelly fine to cocarse sand with occasicnal
cobblas, small boulders and a trace of silt (medium dense,
moist)

Test pit completed at 10.0 feet on 9/14/90
No ground water seepage encountexed
Disturbed sampls obtsined at 2.5 feet
TEST PIT 2

Approximate elevation: 683 feet

0.0 = 0.5 GP Gray fine to' coarse gravel with sand (medium dense, moist)

0.5~ 1.8 12 inch minus rock spalls

1.5 = 10.5 SP-SM Brown gravelly fine to medium sand with silt, occasional cobbles

THE DEPTHS ON TEE TEST PIT LOGS, ALTBOUGH SBOWN T
THE TEST PIT AND SEOULD BE CONSIDERED ACCURATE TO

and small boulders (loose, moist)
Test pit completed at 10.5 feet on 9/14/S0
No ground water seepaga encountered
Disturbed sample obtained at 10.0 feet

Large boulder encountered at 10.5 feet
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GEL

LOG OF TEST PIT

DEPTH BELOW SOIL GROUP
GROUND SURFACE CLASSIFICATION
(FEET) SYMBOL DESCRIPTION
TEST PIT 3
Approximate elevetion: 685 fest
0.0 = 0,5 SP-SM Brown fine to medium sand with silt, gravel and roots (loose,
moist) (sod zone)
0.5~ 6.0 GP Dark grayish-brown sandy fine to coarse gravel with occasional
cobbles, small boulders and roots to 2 feet in depth (loose,
moist) (fill)
6.0 -~ 8,0 GP Dark grayish-brown sandy fine to coarse gravel with occasional
cobbles and small boulders
Test pit completed at 8.0 feet on 8/14/90
No ground water seepage encountered
Large boulder encountered at 8.0 feet
TEST PIT A
Approximate elevation: 688 feet
0.0 - 0,5 SP-SM Brown fine to medium sand with silt and gravel (loose, moist) (sod
zone)
0.5 - 8.0 SP Dark gray gravelly medium to coarse sand (loose, moist) (fLill)

Test pit completed at 8.0 feet on §/14/30
Ko ground water seepage encountered

Moderate caving below 5.0 feet

THE DEPTES ON IBE TEST PIT LOGS, ALTHAOUGH SHOWR TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMZNIS ACROSS
THE TEST PIT ARD SBOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.
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LOG OF TEST PIT
DEPTH BELOW SOIL GROUP
\l GROUND SURFACE CLASSIFICATION
. & (FEET) SYMBOL DESCRIPTION
TEST PIT 5
Approximate elevation: 683 feet
8.0~ 0.5 SP-SM Brown fine to medium sand with silt and gravel (loose, moist) (sod
zone)
0.5 = 2.5 GP Dark gray sandy fine to coarse gravel with occasional cobbles,
small boulders and a trace of silt (loose, moist) (fill)
Test pit completed at 7.5 feet on 8/14/90
No ground water seepage encountered
Wood debris at 4.0 feet
Moderate caving below 5.0 feet
IEST PIT 6
Approximate elevation: 687 feet
0.0 - 0.5 SP-SM Brown fine to medium sand with silt, gravel and roots (loose,
moist) (sod zone)
0.5 = 1.0 12 inches minus rock spalls
1.0 - 6.0 Gp Dark gray sandy fine to coarse gravel with occasional cobbles,
small boulders and a trace of silt (loose, moist) (£ill)
6.0 - 10.0 sSp Dark gray gravelly fine to coarse sand with occasional cobbles,
small boulders and a trace of silt (loose, moist) (£fill)
Test pit completed at 10.0 feet on 9/14/90
No ground water seepage encountered
Large boulder encountered at 10.0 feet
TEST PIT 7
Approximate elevation: 685 feet
0.0 = BHLO SP Gray fine to wedium sand with gravel, occasional cobbles, small
bouldars and roots to 2.0 feet (loose, moist) (fill)
500 = 8.0 sp Gray fine to medium sand with occasional gravel (loose, moist)
Test pit completed at 8.0 feet on 8/14/90
No ground water seepage encountered
THE DEPIBS ON THE TEST PIT LOGS, ALTHOUGE SHOWN TO 0.1 FOOT, ARE BASED ON AR AVERAGE OF MEASUREMENTS ACRCSS
THE TEST PIT AND SHOULD EE CONSIDERED ACCURATE TO 0.5 FOOT.
; o
3 —
I3 0 , - LOG OF TEST PIT
- GeoNZ Engi
. NZ Engineers _
) FIGURE A-11
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DEPTH BELOW
GROUND SURFACE

(FEET)

0.0 - 3.5

3.5~ 6.0

LOG OF TEST PIT

SOIL GROUP
CLASSIFICATION

SYMBOL ' DESCRIPTION
TEST PIT 8
Approximate elevation: 682 feet

SP Gray gravelly fine to medium sand with occasional cobbles and roots

to 2 feet (loose, moist) (fill)
sP Gray gravelly fine to coarse sand with occasional cobbles, small

boulders and a trace of silt (loose, moist)
Test pit completed at 6.0 feet on 8/14/90

No ground water seepage encountered

THE DEPTBS ON THE TEST PIT LOGS, ALTSOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE TEST PIT AND SBOULD BE CONSIDZRED ACCURATE TO 0.5 FOOT.
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GEI

LOG OF TEST PIT

DEPTH BELOW SOIL GROUP
GROUND SURFACE CLASSIFICATION
{FEET) SYMBOL DESCRIPTION
TEST PIT TP-8
0.0 = 11,5 GW Dark brown fine to coarse gravel with fine to coarse sand,
numerous cobbles to 12 inches (15 to 20 percent by weight),
occasional boulders to 24 inches (5 to 10 percent by weight),
tree roots and limbs to 4 inches in dismeter, occasional
concrete pieces (loose to medium dense, maist to wet)
11.5 - 13.0 GW-GM Gray fine to coarse gravel with silt, fine to coarse sand and
occasional cobbles to 12 inches (medium dense, to dense, wet)
(Osceola mudflow)
Test pit completed at 13.0 feet on 08/02/91
Gravel, cobbles and boulders are subrounded
Ground surface covered with layer of boulders to 18 inches
Test pit walls sloughing, difficult to obtain sample of mudflow
IEST PIT TP-10
Hater depth: 1.5 feet at test pit
0.0 - 12.0 GH

Dark brown fine to coarse gravel with fine to coarse sand,
numerous cobbles to 6 inches (10 to 15 percent by weight),
occasional cobbles to 12 inches (less than 5 percent by
weight), occasional boulders to 24 inches (less than 1 percemt
by weight), numerous wood pieces, tree roots and limbs to
6 inches in diameter (loose to medium dense, wet)

Test pit completed at 12.0 feet on 08/02/91

Refusal on large obstruction at 12 feet (slab or boulder), moved
test pit 15 feet downstream (Test Pit 2A)

Graval, cobbles and boulders are subrounded

THE DEPTHS ON THE TEST PIT LOGS, ALTROUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.
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LOG OF TEST PIT

5 DEPTH BELOW SOIL GROUP
} GROUND SURFACE CLASSIFICATION
it (FEET) SYMBOL DESCRIPTION
TEST PIT TP-11
Water depth: 1.5 feet at test pit
0.0 - 16.0 GW Dark brown fine to coarse grevel with fine to coarse sand,
numerous cobbles to 6 inches (10 to 15 percent by weight),
occasional cobbles to 12 inches (less than 1 percent by
weight), few boulders to 14 inches (less than 1 percent by
weight), numerous trea roots and limbs to 6 inches in
diameter, occasional metal pieces (loose to medium dense, wet)
Test pit completed at 16.0 feet on 08/02/81
Caving severely, digging stopped at 16-foot depth
Gravel, cobbles and boulders are subrounded
IEST PIT TP-12
Water depth: 1 foot at test pit
0.0 - 15.0 GW Dark brown fine to coarse gravel with fine to coarse sand,
numerous cobbles to 6 inches (10 to 15 percent by weight), no
boulders, occasioneal tree roots and limbs to 3 inches in
diamster (loose to medium dense, wet)
Test pit completed at 15.0 feet on 08/02/91
Severe caving stopped digging at 15.0 feet
Gravel and cobbles are subrounded
TEST PIT TP-13
Ground surface: 1 foot higher tban dam apron
0.0 - 7.0 GH 3-inch to 12-inch cobbles in dark brown fine to coarse sand and

fine to coarse gravel matrix, boulders to 24 incbes (20 to 25
percent by weight) (loose to medium dense, moist to wet)

Test pit completed at 7.0 feet on 08/02/91

Caving severely at 7.0 feet, can’t keep hole open balow 7.0 feet
depth

Gravel, cobbles and boulders are subrounded
Surface covered by boulders to 24 inches

Water observed at 6.5 feet

THE DEPTES ON THE TEST PIT LOGS, ALTHOUGH SEOWN TO 0.1 FOOT, ARE BASED ON AR AVERAGE OF MEASUREMENTS ACROSS
THE TEST PIT AND SBOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

?.’ 0 LOG OF TEST PIT
s N2 Fnoi
= GeoSNZ Engineers ounE A
&
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LOG OF HAND HOLES

Depth
Interval
Hole No.  (inches) U.S.E. Soil Description
H-1 0-6 SM Silty fine sand with a trace of organic material
6-18 GP-GM Coarse gravel with soft and fine sand
Hand hole completed on 4/16/92
Soil samples obtained at 6 and 18 inches
Hole did not fill with water
H-2 0-6  SP-SM  Fine sand with silt
6-18 SM Silty fine sand
18 - 36 SM Silty fine sand with fine to coarse gravel
Hand hole completed on 4/16/92
Soil samples obtained at 6, 18 and 36 inches
Hole filled slowly with water
H-3 0-12 GP Coarse gravel with medium sand
Hand hole completed on 4/16/92
Soil sample obtained at 12 inches
Hole filled rapidly with water
H4 0-12 GP Medium sandy fine to coarse gravel with occasional fine to
coarse sand
Hand hole completed on 4/16/92
Soil samples obtained at 12 inches
Hole filled rapidly with water
A
Geo é‘é Engmeers LOG OF HAND HOLES

FIGURE A-15
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PERCENT FINES DATA

Sample
Boring || Depth ||Sample Percent
Number (feet) Description Fines (%)

B-1 17.0 Fine to coarse gravel with 4.9
a trace of silt (GP)

B-1 30.0 Fine to coarse gravel with 0.8
sand (GW)

B-1 40.0 Fine to coarse gravel with 7.4
silt and sand (GP-GM)

B-2 12.0 Fine to coarse gravel with 5.2
silt and sand (GP-GM)

B-2 29.5 Fine to coarse gravel with 4.4
sand and a trace of silt
(GP}

B-2 39.5 Fine to coarse gravel with 7.8
silt and sand (GP-GM)

B-3 15.0 Fine to coarse gravel with 3.0
sand and a trace of silt
(GP)

B-3 30.0 Silty fine to coarse gravel 16.6
with sand (GM)

B-3 39.5 Fine to coarse gravel with 59
|sitt and sand (GP-GM)

A
\UA
Geod§Z Engineers

PERCENT FINES DATA

FIGURE A-23
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SLUG TEST RESULTS

e

Slug Permeability (cm/sec)
Test Hvorslev's Bower-Rice
Number Method Method
1 1.2x10-2 1.0 x 10-2
2 3.4x10-2 2.4x10-2
3 8.2x 10-3 6.4 x 10-3
4 2.6x10-2 1.7 x10-2
«//( () SLUG TESTR
Q’ . ESULTS
O
Nz Engineers
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APPENDTIX

SIGMUND D. SCHWARZ
Consulting Geologist/Geophysicist

P.O. Box 82-917
Kenmaore, WA 98028

(206) 823-5596 September 25, 1990
S86-20R

GeoEngineers, Inc.

2405 149th Avenue N.E.
Suite 105

Bel levue, Washington 28005

Att: Gordon Denby, PE

Re: Report of Geophysical Surveys, Puget Power White River Dam
Reconstruction Project, Buckley, Washington

SUMMARY

Results of several geophysical surveys completed at this site
indicate the area to be underlain by dense, relatively coarse
grained alluvial and mucflow deposits. These deposits are
indicated by their geophysical properties to be generally of
uni form characteristics within the area explored and typical of
the materials identified by the test borings. Bedrock occurs at
relatively shallow depth several hundred feet north of the

damsite area and deepens beyond the depth of exploration to the
south beneath the river.

The primary objective of this work has been to characterize the
nature of materials underlying the existing White River Dam to
assist in the geotechnical aspects of design for the new
structure and more specifically to identify anomalous zones where
unexpected conditions might be encountered. The north abutment
area has also been studied to develop information concerning
potential leakage paths.

Geophysical surveys incorporating several complementary
exploration methods have been completed at this site. Some
elements of this work have been carried out under subcontract or
by previous contract. These methods include seismic, electrical
and electromagnetic technigues that are listed as follows:
1-GPR(ground penetrating radar) Williamson and Associates
2-EM(electromagnetic) Williamson and Associates
3-VES(vertical electrical soundings) Schwarz

4-0verwater seismic refraction Schwarz

5-Land seismic refraction EBASCO Services (Nov. 1982)

The location and results of this survey are shown on the
Geophysical Exploration Plan, Fig. 1 and Composite Geophysical
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Profile A-A’, Fig. 2 which includes the interpreted result of all
geophysical surveys.

The damsite area was explored with & VES soundings, GPR, EM and
overwater seismic refraction. The overwater seismic refraction
survey was confused by the presence of high velocity concrete in
the foundation of the existing dam and was therefore ineffective.

The north abutment area was explored by GPR and EM methods
together with a land seismic refraction survey completed by
EBASCO Services for Puget Sound Power and Light Corporation in
1982.

Interpreted results of the geophysical surveys are shown on the
Composite Geophysical Profile a-A’, Fig. 2. VES and GPR data are
the most effective for delineating overburden stratigraphy in the
damsite area. The VES data is depicted on the profile as a matrix
of calculated electrical resistivity values derived from the six
VES soundings and expressed as electrical resistivity in terms of
ohm metres. QOver this is superimposed GPR reflecting boundaries
and the average seismic velocity. The GPR and EM survey was
extended into the north abutment area to supplement the seismic
refraction data presented in the EBASCO report. The agreement
between data obtained by various geophysical methods and the
borings is generally good.

Based upon these data, it appears that the site area is underlain
by a Tairly thin mantle of coarse grained recent alluvium over
volcanic mnudflow. The mudflow deposit is indicated by the
seismic, VES and GPR data to be dense, basically hetrogeneous and
very crudely stratified with a gentle southerly dip. The
electrical and seismic characteristics of the mudflow are typical
of those observed in the Osceola at other locations in the area.

The EBASCO seismic survey indicates bedrock to occur within 25 to
30 feet of the ground surface near the far north end of the
geophysical profile and to be deepening to the south. These data
indicate bedrock to be deeper than 40 to 70 feet in the damsite
area.

The data presented herein is interpretive in nature and subject
to revision on the basis of additional site specific information
that may become available.

Please do not hesitate to contact me if you have any questions
concerning this report or if I may be of further service.

Respectfully submitted,

- o -

Sigmund D. Schwarz N

Encl: Fig. 1 Exploration Plan, Fig. 2 Composite Profile aA-a’
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TECHNICAL MEMORANDUM NO. 16

SUBJECT: FINAL DESIGN REPORT
GEOTECHNICAL ENGINEERING SERVICES
PROPOSED DIVERSION DAM REPLACEMENT
WHITE RIVER HYDROELECTRIC PROJECT
BUCKLEY, WASHINGTON

PREPARED FOR: Puget Power Sound & Light Company
HDR Engineering, Inc.

PREPARED BY: Daniel W. Mageau - GeoEngineers, Inc.
APPROVED BY: Gordon M. Denby - GeoEngineers, Inc.
PROJECT NAME: White River Diversion Dam

PROJECT NO. GEI File No. 0186-227-R06
DATE: May 2, 1994 (FINAL)

This report presents the results of geotechnical engineering services completed for the final
design of the proposed diversion dam replacement for the White River Hydroelectric Project.
The site is located on the White River approximately 1/2 mile east of SR 410 near Buckley,
Washington, as shown on the Vicinity Map and Site Plan, Figure 1.

The conclusions and recommendations presented herein supersede those in our preliminary
report dated May 4, 1992 (Technical Memorandum No. 13, GEI File No. 0186-115-R06) and
the draft final report date November 30, 1993 (Technical Memorandum No. 16). The May 4
preliminary report was prepared for use by HDR in the development of preliminary plans for the
project. This final design report includes an updated description of the project, the resuits of
additional explorations and new field test programs. It also includes design level geotechnical
engineering recommendations for major dam components as well as sections that address
construction considerations.

Our understanding of the project is based on discussions and meetings with Mr. Bob King
of HDR and Mr. Mike Blanchette of Puget (Puget Sound Power & Light Company), plans by
HDR entitied "P.S.P.& L. Co., White River Hydroelectric Project, FERC Project No. 2494,
Diversion Dam Rebuild, Drawings 1 through 23," dated December 20, 1993 and our experience
with other work for Puget at the White River Hydroelectric Project.
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PROJECT DESCRIPTION

The hite River Project is an existing Iydroelectric facility that consists of a diversion dam
and intake stiucture; an 8-mile-long series of flumes, camals, and basins; a set of fish screens;
a storage reserwir (Lake Tapps); an intake tunnel; a for ebay well; four penstocks; and a four-unit
powerhouse. It began operation in 1911 and is currently rated at 63.4 MW. The diversion dam
is located approximately 1 mile north-northeast of Buckley, Washington. A vicinity map and a
site plan showing the diversion dam and intake project areas are presented in Figure 1. A site
plan showing more detail of the eristing dam site is presented in Figure 2.

The existing diversion dam consists of a 352 -foot-long by approximately 4 -foot-thick
concrete and rock-filled timber crib structure. Wood flashboards extend 7 feet above the crib
structure. The water level behind the dam is maintained at Elevation 671 feet. To facilitate
flashboard replacement and removal, a cable tramsay is suspended over the dam. The dam is
protected on both upstream and dovmstream faces by timber aprons. A six -foot-deep concrete
cutoff wall extending about 8 feet below original riverbed wderlies the length of the dam. These
cucoffs are located near the upstream and downstream edges of the dam. The dam abutments
consist of thick unreinforced vertical concrete walls.

The proposed project consists of replacing the existing timber crib dam and adding intakes,
dikes, headgate buildings and fishways. Major components of the replacement dam project are
shown in Figure 3. The replacement dam will consist of two radial gates (16 - and 35-foot-wide),
two 50-foot-wide rubber weirs, and six 20 -foot-wide, removable, fixed crest concrete panels.
The proposed design calls for the right (northern) two -thirds of the existing dam foundation to
remain in place and be used as foundation support for the weirs and fixed panel portions of the
replacement dam. The radial gates will be supported on a thick concrete mat bearing on native
soil. A downstream end wall will be corstructed to protect the dam foundation from toe scour.

The replacement dam will have provisions to regulate flows, allow for fisheries flow
requirements, and prevent bedload sediment fram entering the intake. As part of the project, the
existing intake and the headgates will be modified. Auxiliary fish way structwres constructed of
concrete walls supported on a concrete mat are also planned. A maintenance building, control
building and equipment building will be constructed in the vicinity on the intake.

Construction of the replacement dam will be completed in two phases. Phase I includes
the fixed crest concrete panels and one rubber weir. Fhase II includes one rubber weir, the two
radial gates, and the mdification to the intake and headgates. Phase I requ ires construction of
an approximately 500 -foot-long cofferdam upstream and downstream of the existing dam.
Phase II construction will require an approximately 400 -foot-long cofferdam upstream and
downstream of the dam. A temporary diversion chamnel constru cted of driven sheet piles will
be required near the intake during Phase II construction, as shown in Figure 3.

GeoEngineers 1 File No. 0186-227-R06/050294
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Modifications to the existing access road along the right bank of the river upstream of the
dam are planned to reduce the potential for flooding near the existing fish hatchery. From the
right abutment to about 500 feet upstream of the dam, the existing access road will be raised by
2 to 5 feet. Several studies have been completed by others for previous projects at and near the
dam site. Aerial photographs and historical construction photographs and records are also available.
A list of references reviewed for this project is summarized at the end of the text.

SCOPE
The purpose of our services is to provide geotechnical design information to HDR for use
in developing design plans and specifications for the proposed diversion dam replacement. Our
specific scope of services for this final design study includes the follodng:

FIELD AND LABORATORY PROGRAMS

Camplete pile driving tests at two locations in the river.

Excavate near-surface soil at the two pile driving test locations and at two locations along

the proposed temporary diversion channel alignment.

3. Complete a large test excavation to evaluate seepage conditions en the right bark.

4. Cut holes in the surficial timber planks and core the wnderlying concrete at three locations
along the downstream apron of the existing dam. Evaluate the condition of the wood in the
dam and the soils immediately below the dam at the hole locations.

5. Drill two additional borings through the dowmstream apron of the dam.

6. Install a 2-inch-diameter monitoring well (MH-1) in one of the borings and a 10 -inch-
diameter pump test well (TW-1) in the other boring.

7. Complete a ground water pump test in Mi-1 to evaluate soil permeability below the dam.

8. Complete laboratory index tests on selected soil samples. Perform unconfined compression
tests on two of the concrete core smples.

[NERS.

SITE AND SOIL CONDITIONS

1. Review results from previous exploration programs.

2. Present information regarding existing site conditions and bank stability contained in our
May 4 preliminary report.

Review results from field and laboratory programs completed for this study.

Smmarize soil conditions below the dam and in other areas of the project where new
structures are planned.

5. Prepare a profile and cross section showing soil conditions below the dam.

[T OS]
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TEMPORARY DIVERSICN AND DEWATERING

1. Develop recommendations for the design and construction of earth cofferdams for various
locations within the dam replacement site.

2. DPresent a discussion of dewa tering considerations including anticipated soil permeability
values and appropriate dewatering systems.

3. Develop recommendations for temporary excavations made in the river.

4. Develop recommendations for the construction of a temporary diversion chan nel using
driven shest piles.

EXTSTING DAM STRUCTURE

1. Evaluate results from field and testing programs.

2. Develop conclusions regarding the inteqrity of the existing dam and subgrade and the
feasibility of reusing the existing dam as foundation suppor t for the fixed panel and rubber
welr portions of the replacement dam.

FOUNDATTICN DESIGN RECCMMENDATICNS

1. Develop recomendations for the support of the radial gate section, including allowable soil
bearing pressures as a function of settlement.

2. Develop recommendations for the support of the maintenance, control and equipment
buildings.

3. DPresent recommendations for the support of other dam structures, including fish ways,
access ramps, and upstream aprons.

4. Present recommendations for permanent excavations required in the maintenance puilding
are.

5. Present recommendations for right bank dike design and comstruction.

6. Discuss river channel and river bank erosion protection.

SEEPAGE CONSIDERATIONS

1. Refine estimates of ground water seepage  below the proposed dam based on new
permeability data.

2. Discuss piping potential below the existing dam.

3. Present recommendations for the design and construction of a downstream end wall.

GEOLOGIC HISTORY
The dan site is located In a geologic region characterized by thin alluvial deposits averlying
Osceola Mudflow deposits up to 70 feet thick in some areas. The Osceola Mudflow blanketed
an extensive portlon of the eastern Puget Sound Lowland approximately 3,700 years ago. The
mudflow originated on the north flank of Mount Rainier, flowed dowm the White River Valley,
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and covered a wide area, including present -day Buckley, with several tens of feet of sediment -
the mudflow sediment typically consists of cobbly, silty sand and qravel with cobbles and
occasional boulders. The mudflow occurred in a series of separate flows in between and after
vhich alluvial soils consisting of sand and gravel with cobbles and boulders were d eposited by
the White River. Moreover, water flow over and through the surface layer of the exposed
mudflow deposits probably washed the silt portion out of the soil. This process resulted in a
relatively heterogeneous mix of alluvium and mudflow deposits with less fines and siltier
mudflow deposits below about 10 feet. Glacially deposited sands and gravels typically underlie
the mudflow deposits.

Soils exposed within a 25- to 40-foot-high riverbark along the left bank (south side) of the
White River, immediately upstream of the diversion dam, show approximately 10 feet of an
alluvial deposit overlying Osceola Mudflow sediments, indicating that the river has incised
through the mudflow deposits at this location.

SURFACE CONDITIONS
RIGHT BANK

The White River Fish Hatchery is located about 100 feet north of the right bank of the
river, just upstream of the dam (refer to Figure 1). A gravel dike is situated along the right bank
of the White River to protect the bank from erosion and the fish hatchery from floodi ng during
periods of high water. The approximate location of the right bank dike is outlined in Figure 1.

The right bank dike is comprised of several sections which were constructed at different
times. The original dike was constructed in 1911 and extends along the river to a point about
1,800 feet upstream of the dam. It is approximately 3 to 6 feet high (with respect to native
ground surface north of the dike). This dike is coversd with brush and trees ranging in diameter
(at breast height) from 4 to 36 inches. It is protected on the river side by large boulders and
concrete rutble up to 8 feet in size.

A newer portion of the dike constructed in 1968 extends from about 1,800 to 2,500 feet
upstream of the diversion dam. It is approximately 8 to 12 feet high (with respect to the grownd
surface north of the dike}. This portion of the dike is composed of sand and gravel and is
protected by quarry rock typically ranging from 2 to 24 inches in size.

The right bank dike appears to be relatively stable at this time. Scme loss of finer rock
occurred prior to 1992 in unmaintained areas of the dike. According to King County
maintenance personnel, new rock protection was placed over the dike near Station 23+00 where
more significant loss of rock protection cccurred dwri ng the 1989-90 winter high river flow. We
understand that King County has repaired the dike every few years since 1968 on an as -needed
basis. Repair of the dike protection involved dwmping and spreading well -graded crushed quarry
rock (obtained from the Enumclaw quarry located on Southeast 416th Street in Enumclaw,
Hashington) and spreading the material in a 1- to 3-foot thick lift. Maximum size of the quarry
rock is about 2 feet.

GeoEngineers 4 File No. 0186-227-R06 /050294
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The never section of the right bank dike was raised 4 to 7 several fest in 1932 as part of
the hatchery water intake construction project. New fill was placed between about Station 13+00
and 25+00. We understand that sand and gravel was used as fill mat erial. Riprap several feet
thick and up to 24 inches in size was placed over the entire face of the slope along the river.

The top of the dike ranges in elevation from approximately 673 feet near the dam to
approximately 689 feet 2,500 feet upstream of the dam. The water surface elevatlions of the
White River near these locations were approximately 671 and 678 feet, respectively, on
September 14, 1990 based on hand level measurements.

2n access road leading to the right abutment of the dam was constructed in the late 1980s.
In addition to access for the dam, it also serves as a cecondary dike to further protect flooding
of the hatchery. The location of this access road is shown in Figure 1. The road appears to be
composed of sand and gravel, based on evaluation of surface soils. It is protected on the river
side by 12-inch-diameter quarry spalls. The road extends from the right abutment east
approximately 800 feet.

The topography of the right bank of the river (north of the original dike) is relatively flat,
except for the access road and rill pads placed for the hatchery, with elevations ranging from 665
feet near the fish hatchery to about 680 feet approximately 1/2 mile upstream of the diversion
dam. Large sand and gravel bars are present near the right bank of the river, just upstream of
the dam. The ground surface elevations of the sand bars typically range from 670 to 678 feet.

Most of the site upstream of the diversion dam is heavily forested with fir, cedar, and alder
trees. Low undergrowth consists of grasses, nettles, ferns, and scattered blackberry bushes.
Scattered open areas of grass and brush with scattered alder and maple trees are present along
the eastern end of the right bank dike. The hatchery site is an open grassy area.

LEFT BANK

The intake structure and flume are located near the left abutment of the dam (refer to
Figure 1}. R 25- to 40-foot-high bluff forms the left bank of the river immediately upstream of
the diversion dam. The ground surface above the bluff (south} is relatively flat and ranges in
elevation from about 690 to 695 feet. The bluff extends approximately 900 feet upstream of the
diversion dam. Further ugstream, along the left bank of the river, the ground surface is several
feet above the river level. The topography in this are a is relatively flat with ground surface
elevations ranging from 675 to 685 feet.

RIVER EROSION AND DEPOSITION

R geotechnical engineer and an engineering geologist from our firm completed a field
reconnaissance on September 18, 1990 to evaluate the existing condition of the riverbanks for 1/2
mile upstream of the dam. We completed several other site reconnaissances subsequently and
reviewed aerial photographs of the area taken in 1936, 1968, 1980 and 1985. Additional
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historical information regarding construction of the dike along the right bank was obtained from
discussions with Puget engineers and King County maintenance personnel.

The results of owr recomaissance and aerial photograph review indicate that relatively little
erosion of the left riverbank for 1/2 mile upstream of the dam has occurred since the diversion
dam was constructed in 1911. From aerial photographs, it appears that the bluff along the left
bank just upstream of the dam may have receded 5 to 10 feet since 1936 (an average of about 1
to 2 inches per year). In other areas of the river chamnel, the banks appear to have aggraded
since 1936. Sediment accumulation is particularly evident along the right bank of the river just
upstream of the dam. Sand and gravel bars on the order of 100 feet wide presently extend about
1,000 feet upstream of the dam. Only portions of these bars are evident in the 1936 photegraph.
In general, the river channel appears to have beco me narrower and more stable (i.e., less
meandering) since about 1968. During our field reconnaissances, we did not encounter evidence
of any significant erosion along the banks. Some minor sloughing along the steep bluff on the
left bank was observed. Our experience with similar bluffs composed of mudflow deposits
elseshere in the Bhite River indicates that although the river tends to meander along the valley,
very little lateral erosion of the bluffs occurs.

The sand and gravel bars rear the right bank of the river are currently covered with brush
and swall to moderate-sized trees. Near-swface soil conditions observed in hand holes excavated
in these bars and in shallow erosion cuts alorg the river typically consist of 1/2 to 2 feet of fine
to medium sand underlain by sandy gravel with cobbles in the downstream two-thirds of the bars.
In the upstream one-third, the surface of the bars is predominantly covered with gravel and
cobbles ranging from 1 to 10 inches in size. Some sand is mixed in with the gravel and cobbles.
Based on visual observations of soil conditions encountered in the hand holes, we estimate the
average percentage of cobbles in the upper 2 to 3 feet of the bars to be about 20 to 30 percent
by volume. A description of the hand hole excavation methods as well as a log of the soils
encountered are presented in Appendix A.

The vegetation along the right bank (north of the sand and gravel bars) is well established.
The large rock and concrete bank protection placed on the older dike in the early 1 900s is
surrounded by brush and trees. It appears that this area of the bank has not been subject to
significant water flow or ercsion for many years. The sizes of trees along this existing dike
range from 4 inches to over 36 inches in diameter.

FIELD AND LABORATORY PROGRAMS
GENERAL
GeoEngineers completed a series of field pregrams at the dam site to supplement existing
subsurface information obtained from owr previous studies and to obtain new information to
address construction issues. Results from previous field studies at this site are presented in our
May 4, 1992 preliminary report. For this final design study we completed the following: sheet
pile driving tests, test pit excavations in and near the river, concrete cores in the existing dam,
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fwo borings through the existing dam, a monitoring well and a pump test well, a ground water
punp test and a large test excavation to evaluate seepage and excavation issues. We also
completed laboratory tests on selected soil samples recovered from our borings and compression
strength tests on two of the concrete cores taken from the existing dam. Details of each field
program and the laboratory testing are presented in the following secions.

TEST PILE DRIVING
General

Sheet pile cofferdams were aonsidered far temporary diversian of the river during
construction of the replacement dam in an earlier design of the project. However, it was not
known at that time whether it was feasible to imstall sheet piles through the cobbles and
boulders anticipated at the site. The purpose of the sheet pile driving test program was to
evaluate sheet pile drivability in the river bed material. Pile driving tests were completed in
two general areas designated as location A and location B, as shoum on the Site Plan, Figure 2.

Equipment

The pile test program was completed by Pile Contractors, Inc. of Issaquah, Washington on
Bugust 31 and September 1,1993. Two different sizes of vibratory hammers were used todrive the
sheet piles: the smaller-sized Tunkers 60.05 vibratory hammer rated at 66 tons drive force at a
maximm frequency of 1500 rpm (revolutions per minute) and a larger-sized MKT V-30 vibratory
haumer rated at 160 tons drive force at a maximm frequemcy of 1600 rpm. A pair of 3/8-inch-thick
Z-piles vere used for the test program. The piles were generally driven with pile tips welded
onto the bottom of the piles, except for the very first atfempt (A1) at location A (refer to
Figure 4).

Results

Details of the pile driving reccrds at each location are preserted in Zpperdix C (Tables €1
and C-2). Pile driving typically was extremely difficult with minimal penetrations being
achieved. The sheet piles generally could nct be driven plumb and beunced severely on
underlying cobbles and boulders during driving. The bottoms of the piles were severely wornas
a resilt of grinding against the underlying soils and the pile tips were cwrled as a result of pile
driving. A brief sumary of driving results at each test locaticn is presented below.

Location A. The sheet piles were driven at three specific locaticns, desigrated as A-1, A-2
and A-3, as shom in Figure 4. Locations A-1 and A-2 were in the river. Location A-3 was on-

shore [(cn the left bank of the river). Nopile tips were used on the bottan of the sheet piles for
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the first attempt at location A-1. After three minutes of driving using the Tunkers 60.05
hammer, a penetration of only 2 feet into river bed material was achieved. The sheet piles were
then removed and examined. The bottom 2 feet was severely worn. Pile tips were welded onto
the botton of the sheet piles for all subsequent pile driving tests. A maximm penstration of 41/2
fet into the river bed material was recorded for the second attempt at location 2 -1. This
penetration tock approximately 19 minutes. The depths of peretration at the & -2 and R -3
locations were only 21/2 and 3 feet, respectively. The larger MKT V -30 hamer was not used
for amy of the piles at location A because the "pile seating depth" necessary to momnt the hammer
on the pile could not be achieved.

Location B. Sheet piles vere driven at six specific locations, designated as Bl through B-,
as showmn in Fique 5. The results at these six locations varied someshat, but in gemeral the
driving was very difficult, particularly below a depth of about 5 to 6 feet. At the first attempt
at location B-1, the sheet pile was driven to a depth of about 8 feet below the river bed. The pile
dppeared to bounce on a boulder or hard debris at this depth. Pt locations B -2 throuch B-4, the
sheet piles vere driven about 4 to 5 feet into the existing river bed soils within 2 to 3 mimutes
without having to excavate any river bed material. However, refusal was met at this depth at
these test locations. After excavating the uppermost 3 to 5 feet of river bed material, the piles
at locations B-5 and B-6 still encountered refusal on boulders at relatively shallow depths. The
Tunkers §0.05 vibratory hammer generally was used, except at location B -1 where the MKT V -
30 hawmer was used to drive the sheet piles during the second attempt. A maximm peretration
of 41/4 feet was recorded for the second attempt at location B -1 after driving for 81/2 minutes
using the MKT V-30 hamer.

Subsequent to our pile driving test program, information was obtained by Puget that
indicates that approximately 1,600 tons of large quarry rock vas placed along the downstream
edge of the dam in the 1330s. The pre sence of this material acoownts for the very difficult
driving experienced at location B. More details regarding the quarry rock are presented in a
sibsequent section entitled "Subsurface Conditions."

SEEPAGE, TEST EXCAVATION

The purpose of the seepage test excavation was to evaluate seepage rates within the existing
soils in the vicinity of the upstream right bank of the river and to evaluate stability of excavation
side slopes. Information obtained from this seepage test is used in the design of the propos ed
earth cofferdams in this area {discussed later in this report). The location of the seepage test
excavation is shown on the Site Plan, Figure 2.

The seepage test excavation, measuring approximately 30 feet in diameter and 14 feet in
depth, is lecated immediately wpstream of the dam on the right bank of the river. The excavation
was completed by Deeny Construction of Seattle, Washington, using a 1 ¥ cubic yard capacity
track-mounted excavator on September 2 and 3, 1993. In general, the seepage test exca vation
was relatively easy to excavate.
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Soil and Side Slope Conditions

Soil omditias enoomtersd in the sespage test excavatian omsist of 3 to 4 fest of mediun
dense to denge silty sad with comasiaal gravel and scattersd rocts overlying well-graded, dense
to very dense gravel with sand and odbles. In the eastem (river side) malf of the excavatia,
cocasiaal debris (mkber tires, rotting logs etc.) was encomterad in the soil from about 4 fest
in depth to the bottam of the excavation. The excavatian slcpes varied from 1H:1V (horizcntal
to wertical) in the upper medium dense silty sand layer to near vertical in the lower dense sandy
gravel layer. Gramd water seepage typically was enccuntersd at the top of the dese sandy
gravel layer, which correspends apprawdmately to the static growd water level in the area.

Test Procedure

The dimensians of the seepage test excavation were cetermined by measuring the depths
from the origiral qramd swface to the grawd swrface alag the sidewalls and base of the test
eravatian. This procedue was repeated twice alag two secticns, naming north-scuth and east-
west. Information cbtained from the two cross sectian surveys were used to detemine the
volure of water in the seepace test excavatian.

Tre depth to the water level in the test excavatin was swrveyed the moming after the
excavation was oompleted (September 4). Standing water in the bottam of the exvavation was
gpraximately 4 feet deep at this time. This vater was puped cut using a Gomen 1602 diesel
prp rated at 1,500 gm (allans per mimute). Tre time required to pamp the standing water auit
{referred to as the "drawdown" time) and the water level elevatian at the ocampleticn of the
paping cperakicn vere recorded. The recharge rate, or the rate at which water seeps back into
the test pit, vwas also reaorded by weasuwring the water swface elevabion in the test pit 1, 2, 3, 4,
5, 7, 10, 15, 20 and 30 mimites after stgping the pmp. This procedure was repeated twice to
cbtain an averae segae 1ate.

Summary of Results

Te dradomn ad redharge rates for the woils in the vicinity of the seqage test excavatian
were calculated based an the volume of water pumped and the recharge time. In gemeral, the
drawdomn rate ranged from abaut 0.8 fon (feet per mimmte) for 3.8 feet of dawdom to 1.9 fmm
for 1.3 feet of drawdwn. This corregoands to a flow rate of 3.1 ofs (cubic feet per seomd) or
1400 gm (allms per mmte) and 2.8 cfs (1300 gmm), respectively. The rectarce rate averagd
abaut 0.5 inch per mmite for 1.25 feet of rise iIn water lewel. This correspads to a flow rate
of 0.06 cfs {25 gm). Because of changing heads and vater lewvels throuwgheut these tests, it is
not possible to cetemine soil permeabilities fram the test results with amy degqree of aocuracy.
However, based an awr experience with similar caditians, the measured drawdon rates indicate
moderate soil permesbilities (i.e., between abaut 10! and 10° ay/sec (centimeters per secad).
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TIMEBER SAMPLING AND CONCRETE CORING
General

The timber and concrete sections of the existing dam were sampled and cored to evaluate
the existing condition of the dam. This information is used to evalwate the feasibility of reusing
the existing dam section as a foundation for the replacement dam. Concrete cores were obtained
fran three lecations in the downstresm apron of the dam The core locations, designated as C-1,
C-2 and C-3, are shown in Figure 2. Core locations C-1 and C-2 which coincided with the
locations of TW-1 and MW-1 were obtained prior to drilling. Core C-3 was obtained from the
downstream key section of the existing dam. Timber samples were obtained prior to coring at
all three core locations. GeoEngineers also examined the subgrade soils below the concrete to
determire the fimmess of these soils and to identify woids, if amy, that mey be present.

Sanpling Procedure

Samples of woed from the timber overlying the dewnstream apron were obtained by cutting
with a chain saw. The concrete core samples were cbtained after removing portions of the
overlying tivber at the three core locations. The coring operations were campleted by Seattle
Coring Campany of Kent, Washington. One 16-inch-diameter and one 6-inch-diameter core
sample were obtained from location C-1. Two 12-inch-diameter core samples and one 6 -inch-
diameter core sample were obtained from location C-2. Cne 12-inch-diameter and one 6-inch-
diameter core sample were obtained from location C-3. After the cores were removed, our field
representative examined the subgrade soils directly bereath the dam, exoept at C-3 because this
core did not extend to the subgrade soil. A 1/2inch-diameter steel red was used to evaluate the
relative density of the soils and to identify woids, if any.

Results

The structural weod of the downstream apron timber several inches kelow the surface was
generally in sound condition. However, the surface of saveral of the tirbers was ercded by the
flowing river water mixed with cotbles ard debris.

Details of the compressive stremgth tests of the concrete core samples are presented in
Appendix B. The results indicate a compressive strength ranging frem about 3,500 to 4,500 p si
(pounds per square inch). In general, the concrete cores were found to ke in scund condition,
with no obvious signs of deterioration. The aggrsgate appears to range from about 1/4 inch to
6 inches in size with a typical size on the order of 3 to 4 inches. Cccasiomal minor woids were
chserved near the larger aggregate in one of the cores. Reinforcament steel was observed in the
C-3 core, chtained frem the downstream key section. Mo steel was cbserved in the other cores.

The dam foundation subgrade at core locations C-1 and C-2 was found to be fim and
wylelding, with no discermable woids. Core C-3 did not peretrate to the bottam of the concrete.
Subgrade soils belaw the concrete were also evamined in the two borings previously drilled
through the dam, B-1 and B-2 as part of our preliminary study. The stbgrade soils at these two
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other locations were also identified as firm and unyielding, with no voids between the soil and
boctom of concrete.

BORTINGS AND LABORATCRY SOIL TESTS

Two borings were drilled within the downstream apron of the dam for this final design
study to provide additional subsurface information below the dam. The borings were completed
as wells and are designated as TW-1 (pump test well) and MW-1 (monitoring well). Details of
the vell installation and subsequent pump test are presented in later sections of this report. The
borings were drilled on September 9 and 10, 1993. The locations of these borings as well as
previous explorations completed at the dam site are shown on the Site Plan, Figure 2. logs of
all borings drilled for the project, including Mi -1 and TH-1, are presented in Appendix A.
Details of the drilling methods and sampling techniques ave also preserted in Appendix A.

All soil samples were returned to our laboratory for further examination. Selected samples
uwere tested to determine moisture content, dry density and grain size characteristics. A
description of the tests performed and the results for this study as well as for previous studies are
presented in Appendix B.

WELL, CONSTRUCTION

Two wells, MW-1 and TW-1, were constructed kelow the dam by Holt Testing, Inc. on
September 10, 1993. Wells TW-1 and MW-1 were constructed as the pumping and observation
wells, respectively, for subsequent pump testing (described in the following section). The
locations of TW-1 and MW-1 ave shown in Figure 2.

-1 was constructed of 10-inch-diameter steel pipe with 0.060-inch slots between a depth
of approximately 5.0 to 30.0 feet beneath the dam swface. A 10-inch-diameter blank steel pips
for TW-1 extended from the surface to a depth of 5.0 feet. To reduce water inflow at the
swrface, 12-inch-diameter steel casing was placed from the surface to a depth of 5.0 feet. The
arnulus between the 12- and 10-inch-diameter pipe was filled with bentonite to a depth of 4.0 feet
below the dam swface. Mative gravel soil surrounds the slotted pipe (no sand fill was used).

Mi-1 was constructed of 2-inch-diameter PVC pipe with 0.02-inch slots between the
depths of approximately 3.5 and 23.5 feet beneath the dam surface. M -1 was campleted with
blank BT pipe frem the top of the slotted interval to the dam surface. Sand was placed around
the sletted portion to act as a filter. Bertenite chips were used aroud the blark B pige to seal
the slotted portion from swface water. Well construction details for TW -1 and Mi-1 are
presented on the logs for these borings in Appendix A

The well screen of TW-1 was developed by Holt using surge-block metheds (a plunger that
forces water in and out of the well) and by puping water frem the well pricr to the start of the
aquifer testing program. TW-1 was developed for approximately 4 hours on September 11,
1993.
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GROUND WATER PUMPING TEST
General

A gromnd water pamping test program was oonducted an Septerber 13,1993 to determine
aquifer characteristics at the well site and provide infoamation recprding petential cewabering flow
rates. The aquifer test program included three short-tem omstant rate tests and water level
recovery tests. Holt provided the sutmersible puwp, gererator, piping and flow meter usad to
andct the aguifer tests.

Test Procedures

Water levels in TW-1 and MW-1 were monitored while pumping from TW-1 at rates of
appraximately 200, 160 and 180 gpm (gallens per mimute). Static water levels in TW-1 and
MA-1 were 0.90 and 0.65 feet beneath the dam swrface, respectively, prior to testing. Ground
vater levels were also measured dring recovery pericds after puping was capleted. In the
200 gpm test it tok appraximately 10 mimites to lower the water level in TW1 to the pump
intake depth. The pamp was then tumed off and water levels were allawed to recover before
starting the 160 and 180 g tests. The 160 and 180 qm tests lasted for three hours each, with
recovery periods after each pumping peried.

Results

Maximum drawdowns observed in Mi-1 were typically less than 0.2 feet. Maximum
drawdowns cheerved in the test well, TW-1, at the end of each onstant rate paping period are
sumarized in Table 1.

Table 1. Summary of Drawdown Measurements During Pump Tests

Measurement Pumping Duration of Maximum
Location Rate (ppm) Pumping (hours) Drawdown (feet)
TW-1 200 0.17 >18
-1 180 3 13
TW-1 160 3 6

Time-drawdown data from the three tests were used to estimate aquifer parameters at the
site. The transmissivity and storativity of the aquifer were evaluated using the Theis and Cooper -
Jacob nonequilibriun equations. Water level data were corvected by the Kruseman -DeRidder
method to approximate unconfined aquifer conditions.

The calculated transmissivity of the aguifer ranged between approximately 2,800 and 5,200
square feet per day during the 160 gpm test and between about 200 and 700 square feet per day
durirg the 200 gm test. Aquifer storativity is estimated to be 8 x 10° and 5 x 107 for the 160
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and 200 gpm tests, respectively. Transmissivity and storativity values calculated from da ta
obtained during the 180 gpm test were between those calculated for the 160 and 200 gpm tests.
Baced cn an aquifer thickress of appraximately 40 feet, the tranamissivity values ocorrespond
to hydraulic conductivities between 2.4 x 107 and 6.0 x 10~ au/s (cemtimeters per second) (70
to 130 feet per day). This range corresponds well to permeability estimates derived from slug
tests ccrpleted on the right bark during previous studies (Appendix B) and on correlations with
grain size. By adjusting the pump rate to raise amd laser the drawlown in the test well, we were
able to delineate permeabilities (to some degree) between differernt imtervals of soil. Specific
permeability estimates corresponding to three approximate soil intervals are summarized in
Table 2. It is cauioned that because of the mature of the pup test, these delineations are very
appracimate and actual permeabilities within each soil irterval may be different fram the values
shown in Table 2.

Table 2. Permeability Estimates from Pump Tests

Pumping Rate Soil Interval Representative  Estimated Range in
gpm Affected (feet) Soil Type Permeability (cm/s)
200 018 Madflow 4.5 to 6.0 x 18-
180 613 Mluvial /Mudf1cw 1.3 to 2.50°
160 % Alluvial 24t044x 10

SUBSURFACE SOIL CONDITIONS
GENERAL

Our understanding of soil conditions at the project site is based on our explorations
(Appendix &), laboratory tests (Appendix B), pile driving tests (Appendix ), a geophysical study
completed for the preliminary study (Appendix D), recently completed field test programs
described above, a review of geologic data and historic information provided by Puget. It should
be understood that in an alluvial and mudflow enviromment, soil conditions can change very
abruptly from silt and sand to cobbles and boulders. Our description of soil conditions presented
belov 1s based on a reasonable interpretation of available dta.

In general, the soils consist of two recent deposits, a sand and gravel alluvium deposit
overlylng a sand and gravel with silt mdflow deposit. The two soil deposits are similar from
a foundation support standpoint and differ primarily in the amount of fines (percent passing the
to. 200 sieve) and cobbles and boulders. The overlying alluvial deposits generally contain less
fines and more cobbles and boulders than the underlying wudflow deposits. There are other
minor differences in subsurface conditions, depending on location within the project site. Me
present a sunmary of soil conditions for each major component of the replacement dam project
in the following sections. A summary of pertinent soil parameters for each soil layer is
summarized in Table 3.
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DAM ALIGMENT

A soil profile along the dam axis interpreted from borings B -1, B-2, Mi{-1 and TH-2 and
geophysical information is shown in Pigure 6. The location of the prof ile is shown in Fiqure 2.
The soils encountered in our explorations indicate the diversion dam is underlain by 7 to 10 feet
(typical) of medium dense to dense sand and gravel with cobbles and occasional boulders
(alluvium) over dense sand and gravel with s ilt and occasional cobbles (mudflow). Although we
did not encounter boulders in our borings, occasional boulders should be expected in the mudflow
deposits below the dam, based on our experience with this material. The fines content within the
alluvial deposits encountered in our explorations typically ranges from 0 to 5 percent by dry
weight. The fines content within the mudflow deposits typically ranges from 5 to 12 percent.
No concrete debris or rubble was encountered in borings completed along the dam a lignment.
The soils below the dam appear to contain fewer cobbles and boulders than are present in the
alluwvial deposits upstream and downstream of the dam (discussed subsequently).

DOWNSTREAM OF THE DAM

Soil conditions downstream of the dam were interpreted from borings drilled through the
dam, test pits completed in the river downstream of the dam and test pile driving at location B.
e also reviewed information from Puget describing large quarry rock that was placed
downstream of the dam in the 1930s. According to Puget accounting records, approximately
1600 tons of quarry rock "two yards or larger" in size was placed at the toe of the diversion dam
between 1937 and 1939. This material apparently was placed to reduce scour in this area. Based
on information from our field studies and from Puget, we have developed a subsurface cross
section (perpendicular to the dam axis) in Figure 7. The location of the cross section is shown
in Fiqure 2.

The surficial 7 to 12 feet of soil extending from the downstream edge of the dam to about
40 feet downstream consists of sand and gravel alluvial deposits mixed with large quarry rock
friprap) and concrete debris. A "ballpark" estimate of the area! limits of this fill/alluvial soil mix
is shown in Fiqure 2. The delineation in the north-south direction is particularly vague due to
lack of data. The riprap and concrete debris is very large {up to 6 feet in size). During the test
pile program the excavator was not able to remove same of this material. The pile tips could not
penetrate through the fill/allwial mix, and refusal typically cccurred 4 to 6 fest below the river
bed. Test pit TP-10 and TP-11 was also excavated in this area to evaluate scour depths. Because
the undisturbed native river bed soils are similar in nature to those deposited recently by the
river, it is very difficult to delineate scour depth. Our best estimate is that scour may have
extended as deep as 12 feet in the vicinity of TR10.

Soil oonditions encountered in test pits further than about 40 feet downstream of the dam
consist of 7 to 12 feet of loose to medium dense sand and gravel with cobbles and boulders
{alluviim) over dense sand and gravel with silt and occasional cobbles (mudflow). The size of
the boulders in the alluvium typically ranges from o foct to 4 feet.
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UPSTREAM CF THE DAM

There 1s relatively little information regarding seil conditions in the river upstream of the
dam, other than that described in a preceding section ("Surface Conditions®) for the near -surface
soils in the sand bars along the right river bank. No borings were accomplished in the river
upstream of the dam. Our interpretation of soil conditions in the river channel upstream of the
dam are based on the seepaje test excavation, test pit TP-14 and test pile driving at location A.
Our interpretation of soil conditions upstream of the dam is shown in Figure 7.

The soil conditions within the main channel of the river and upstream of the dam 1i kely
consist of 7 to 10 feet of medium dense to dense gravel with sand, cobbles and boulders
{alluvium) over dense gravel with sand, silt and cobbles (mudflow). The soil conditions near the
right bank consist of sand and gravel with cobbles and some silt. There are noticeably fewer
large cobbles and boulders encountered in excavations near the right bank than in the main river
channel .

TEMPORARY DIVERSION CHAMNEL AREA

Soil conditions in this area are interpreted from test pit TP-15, boring B-4 and from the
onghore pile driving test at location A (test A-3). At TP-15, the soils conditions consist of a very
dense 3-foot-thick layer of sandy gravel with cobbles over medim dense to dense silty gravelly
sand. The dense surficial soil appears to be desiccated mud flow deposits and the underlying
medium dense soil appears to be mudflow deposits with a natural moisture content. Mudflow
deposits harden when they dry out (desiccate). At boring B -4, the soil conditions consist of 7
feet of medium dense gravel with sand and cobbles (alluvium) over dense sand with gravel, silt
and cobbles (mudflow).

MATNTENANCE AND CCNTRCL BUILDING AREA

Our interpretation of soil conditions in the proposed maintenance and control building area
is based on our cbservations of the soil exposed along the left bank bluff and test pit TP -15 and
boring B-4, which are located near the base of the bluff. No borings or test pits were
accomplished above the base of the bluff. The soils in this area appear to consist of medium
dense to dense gravelly sand with silt and occasional cobbles {desiccated mudflow) from the top
of the bluff to the proposed footing elevation of the maintenance building (E1. €75.5 feet).

RIGHT BANK DIKE

Test pits TP-1 through TP-6 were excavated along the newer section of dike in September
1990, prior to raising of the dike in 1992 (refer to "Surface Conditions"). Test pits TP -7 and
TP-8 were excavated along the older (original) section of dike. All test pits encountered loose
to mediun dense gravelly sand with cobbles, boulders and varying amounts of silt to the depths
explored. The dikes appear to have been constructed over the native sands and gravels (alluvium)
using alluvial material. Therefore, it was difficult in some cases to distinquish between the dike
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material and the underlying native soils. The depths of dike fill range up to approximately
14 feet along the newer section and 3 to 6 feet along the older section. Although no test pits
were excavated along the proposed right bank dike aligmment (existing access road) from Station
0+00 to 8+00 (refer to Figure 1), we anticipate that soils in this area are similar to those
described above for the older section of the dike.

HYDROGECQLOGIC CONDITIONS

Ground water in borings B-1, B-2, MW-1 and TW-1 was encountered initially at the
downstream river level (about Elevation 659 feet). However, artesian conditions were
encountered at a depth of approximately 30 feet (Elevation 631 feet) in boring B -1 when the air-
rotary casing drilled into a clean sandy gravel zone. The water level in the casing rose to
approximately 8 feet above the dowmstream river level (to about Elevation €67 feet, which is
about 3 feet below the upstream water level). The artesian conditions continued for the duration
of the drilling of boring B-1, which was completed the following day. An estimate of the flow
rate from this boring was from 5 to 10 gpm. No artesian conditions were encountered in any of
the other borings or wells.

The ground water level in boring B -4 was observed at a depth of 3 feet below the ground
surface (at about Elevation 671 feet), which corresponds approximately to the upstream river
level. The ground water level in the well installed at boring B -3 was recorded at approximately
12 feet below the ground surface (Elevation 661 feet), which is approximately 10 feet below the
level of the river upstream of the diversion dam.

No ground water seepage was encountered in the onshore test pits. However, slight to
moderate caving was encountered in test pits TP -4 and TP-5 at the east end of the right bank.
Moderate seepage was observed below about 5 feet in the seepage test excavation located on the
right bank, just upstream of the dam.

The ground water levels observed in our explorations indicate a relatively complex ground
water system. Along the right bank near the dam, boring B -3 showed ground water at Elevation
661 feet or about 10 feet below the level of the river located about 25 feet away. Wells installed
in other explorations completed by GeoEngineers for the hatchery showed ground water
elevations between 660 and 665 feet at a distance of 300 to 600 feet from the right bank of the
river (Sverdrup Corporation, 1967; refer to List of Reference Reports at end of text ). This
suggests that the regional ground water level on the right bank is 7 to 10 feet lower than the river
level upstream of the diversion dam. No water seeps were observed along the right bank. We
interpret this information to imply that water fram the river is discharging into the aquifer below
the right bank.

Seeps and wet zones of soil were observed along the left bank of the White River upstream
and downstream of the diversion dam, The ground water level encountered in boring B -4 and
test pit TP-15, located about 15 feet from the river, is about 3 feet above the river level. This
indicates ground water flow is toward the river.
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protection without significantly reducing existing dike stability. The existing access road also
appears to be suitable for placement of additional fill for new dike construction.

Based on site reconnaissance and a review of aerial photographs, it appears that relatively
little erosion has occurred along the right and left banks of the White River within 1/2 mile
upstream of the dam since 1936 (reference 1936 aerial photograph). Existing riprap protection
of the right bank dike has adequately protected the dike fill with minor repair every few years.

Detailed conclusions and recommendations regarding temporary diversion and dewatering,
reuse of the existing dam structure, foundation support, right bank dike construction, river

channel and dike erosion protection and seepage considerations are presented in the following
sections.

TEMPORARY DIVERSION AND DEWATERING
Cofferdams

We recommend that all cofferdams in the river be constructed using sand and gravel,
protected by riprap, as needed. The specifications for cofferdam construction depend on location
within the river. In relatively low velocity areas, such as along the right bank, sandier soil with
minimal protection will be feasible. In higher velocity areas, such as upstream in the main river
chanpel, more significant protection of the cofferdam will be required. We have developed
schematic diagrams showing recommendations for three cofferdam designs which differ primarily
between the level of riprap protection. Type I is for use in the higher energy areas; Type I is
for use in moderate energy areas; and Type HI is for use in low energy areas. The three
recommended designs are shown in Figure 8. We anticipate that Type I will be used in the
higher flow areas in the main river channel in both Phase I and Phase II construction. Type I1
will likely be used in the lower flow areas downstream of the Type I cofferdam in the Phase 11
construction and to the right of the Type I cofferdam in the Phase I construction. Type I will
likely only be used between the right bank and the Type II cofferdam in Phase I construction.
During normal river flow, slope protection of the cofferdam near the right bank where velocities
are very low is probably not needed. However, we recommend that the minimal riprap
protection shown for Type III in Figure 8 be placed over the slope of the cofferdam for safety
precautions, in case the river flow unexpectedly increases during construction.

All cofferdam types include three basic components: a sand and gravel core, riprap
protection and a geomembrane barrier between the sand and gravel and riprap to reduce water
flow through the cofferdam. A minimum crest width of 12 feet is recommended to provide
adequate access for construction vehicles (including a drill rig to install dewatering wells).
Design parameters and construction considerations for each are discussed further below.

We understand from Puget that it is probable that river levels (and therefore, velocity) will
be Jowered during construction of the cofferdams in the main river channel. If the river velocity
is sufficiently low, it is possible that the sand and gravel used as the core material will remain
essentially in place until the riprap protection is constructed. However, some movement of the
sand and gravel should be expected. It may be necessary, if the river velocity is too high and
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protection without significantly reducing existing dike stability. The existing access 1oad also
appears to be suitable for placement of additional fill for new dike comtruction.

Based on site reconnaissance and a review of aerial photographs, it appears that relatively
little erosion has occurred along the right and left banks of the White River within 1/2 mile
upstream of the dam since 1936 (reference 1936 aerial photo graph). Existing riprap protection
of the right bank dike has adequately protected the dike fill with minor repair every few years.

Detailed conclusions and recommendations regarding temporary diversion and dewatering,
reuse of the existing dam structure, foundation support, right bank dike construction, river
channel and dike erosion protection and seepage considerations are presented in the following
sections.

TEMPORARY DIVERSION AND DEWATERING
Cofferdams

We recomend that all cofferdams in the river be constructed using sand and gravel,
protected by riprep, as nexded. The specifications for oofferdam construction deperd on lecaticon
within the river. In relatively low velecity areas, sith as alayg the right bak, sardier soil with
mnimal protection will be feasible. In higher velecity areas, such as upstresm in the main river
channel, more significant protection of the cofferdam will be required. We have developed
schematic diagrems showing recommendations for three cofferdam designs which differ primarily
between the level of riprap protecticn. Type I is for use in the higher energy areas; Type II is
for use in mcderate erergy areas; and Type III is for use in low energy areas. The three
recomended designs are shown in Piqure 8. We anticipate that Type I will be used in the
higher flow areas in the main river channel in both Phase I and Phase IT construction. Type IT
will likely be used in the lower flow areas downstream of the Type I cofferdam in the Phase II
anstruction and to the right of the Type I cofferdam in the Phase I amstruction. Type IIT will
likely only be used berween the right bank and the Type II cofferdam in Phase 1 construction.
Durirg nomal river flow, slope protection of the cofferdam near the richt bark where velocities
are very low is probably not needed. However, we recommend that the minimal riprap
protection shown for Type III in Pigure 8 be placed over the slope of the oofferdam for safety
precautions, in case the river flow wexpectadly increases during construction.

All cofferdam types include three basic components: a sand and gravel oore, riprap
protection and a gecmembrare barrier between the sand and gravel and riprap to reduce water
flow through the cofferdam. A minimum crest width of 12 feet is recommended to provide
adequate access for amstruction vehicles (including a drill rig to install dewatering wells).
Design parameters and construction considerations for each are discussed further below.

We understand fram Puget that it is prebeble that river lewls (and therefore, velccity) will
be lowered during constnoction of the oofferdams in the main river chamel. If the river velccity
is sufficiently low, it is peesible that the sard and gravel used as the core material will remain
essentially in place until the riprap protection is constructed. However, same movement of the
sand and gravel should be expected. It may be necessary, if the river velecity is too high and
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moverert of the sand and gravel is too queat, to first place a rigrap barrier wstream of the sand
and gravel care location to reduce water velocities. This technique is intended to allow the sand
and gravel fill to remain in place until the wpstream slepe can ke covered with riprap pretection.
Cther methods of cofferdam construction may be also feasible. We reccmmend that specific

techniques for cofferdam construction be made the responsibility of the contractor who has

experience with this type of construction.

Riprap. We recommend that the riprap consist of well -graded, durable rock. We
recamend that the riprap be tested for slaking and durability prior to placement. A sample of
the riprap should be submitted to the Engineer at least two weeks before cofferdam ccnstruction
begins.

Sand and Gravel Core. The core material should consist of well-graded sand and gravel
with less than 5 percent fines by dry weight. The gravel ccntent should be at least 40 percent
by dry weight. The alluvial deposits in the ugper 10 feet of the river bed typically meet this
specification, based an owr explaraticns. We anticipate that a cost -effective method to construct
the cofferdams is to use the upper alluvial material from the excavations in the river or from
upstream sand and gravel bars to construct the sand and gravel core. Other off-site material
soarces meeting the above specifications would also be appropriate.

Geomembrane. The gecmembrane shown in Figure 8 in between the riprap and sand and
qravel core is used to reduce water flow through the eart h cofferdam. This membrane must be
sufficiently durable to withstand the punching and tearing stresses dirg placement of the riprap
and yet be flexible enough to place in difficult cenditions (in the water). It must also possess a
relatively low permeability. Based cn arr experience with similar types of projects, we anticigate
that 30-mil BVC or Hypalon membranes may be suitable. Other types of membranes may also
be suitable. We recommend that the contractor be required to submit specifications for the
proposed gecrembrane for review prior to constructicn of the cofferdams.

Construction Dewatering

The results of o tests and ow amalyses indicate that water seepage below a typical earth
cofferdam into a 10-foot-deep excavation may be on the order of 3 to 6 gm per wnit length of
cofferdam in the main river channel of the dam site. We anticipate that the lower part of the
range TRy be wore appropriate far Phase I construction, particularly near the right bank where
excavations may be in slightly less permeable soils and where excavations are not expected to
exterd mich deeper than the existing dam famdation. Excavations for Phase II construction will
be deeper and will probably extend into more permeable soils. Therefore, we expect that water
seepage into these excavations will be in the wpper partians of the estimated seepage range.
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This estimate for water sespage is based on the earth cofferdam configurations shown in
Figme 8 and cn rarges in permeabilities presented in the "Subswrface Conditions" saction of this
report. Most of this water inflow will likely be through the upper 10 fest of moderately
pemeable alluvial deposits, since the gecmebrane in the cofferdam will s ignificantly reduce
water flow through the cofferdam.

Tre alluvial soils in the river can vary over short distances. It is possible for localizad
zones of highly permeable soils such as gravel with abundant cobbles to be pressnt. In these
areas, significantly higher flow rates stould be expected. Inflow rates on the order of 20 to 40
gem per unit length of cofferdam could occur in these localized areas.

Based n the estimated inflow rates presented above, it is our cpinion that dewatering wells
will likely ke required in most of the areas away from the right bank to sufficiently lawer the
ground water level and reduce water inflow in the excavations. The rate of ground water
removal in the wells will be higher than the estimates for seepage rates presented a bove. The
dewatering system should be designed to lower the water in the excavation a minimm of 3 feet
below the base of the excavation. We recomend that the contractor be made responsible for
designing the dewatering system (including estimating dewatenng rates in the wells).

It may be possible to use sumps and purps near the right bank or other arcas where less
pameable, finer-grained soil is present and where planned excavatiors are relatively shallow.
We were able to adequately dewater the moderate -sized seepage test excavation located near the
right bank using a large diesel -powered pump. However, because of the lamye size of the
&cavation and the presence of more permeable soils in the main river chamnel, we do mot expact
that sumps and pups alore will be adequate for this area.

Properly designed and installed dewatering wells should adequately ieduce water inflow as
well as minimize boiling and softening of the excavation subgrade soils. It will be important to
maintain stable conditions alcng the kase of the excavation and to prevent locsening of the soils
that will increase post-oonstruction settlaments.

We recamend that GeoEngineers be retained to review the design to verify that the
contractor has properly interpreted our data and recamendat ions. As part of the design, the
contractor should indicate how unanticipated changes in water inflow rates will be addressed
during construction. For example, installing an additional well in between two other wells may
be appropriate to control a localized zone of high water inflow. The contractor may also need
to syplamnt the wells with sups and putps to contwol water inside the excavation, particularly
in the radial gate area where localize excavations may be up to 15 feet deep.

Temporary Excavations In the River

Temporary excavations will be required inside the earth cofferdams to allow for
construction of the replacement dam. We recommend that appropriate dewatering systems
(discussed above) be in place and operating prior to begimning excavation op erations. This will
allow excavations to proceed with a higher degree of stability.
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¥e anticipate that the excavations can be accomplished by large backhoss or excavators.
Qur experience with excavations in the river suggests that an excavator equipped with a large
bucket can dig effectively in the upper alluvial gravel, cobbles and boulders. However, the
excavator did encounter difficult digging downstream vhere the riprapand concrete debris are
present. Ve also anticipate difficult digging in the lower dense mudflow deposits.

Based on cur explorations, it appears that the soils in the river are predaminantly gravel
with sand, cobbles and boulders. We recommend that temporary slopes in this material be
designed at 2H:1V. It may be feasible to stespen the slopes in sawe areas during comstruction
if soil and sespage conditions permit. Gecngineers should be consulted prior to constructing
any temporary slope steeper than 2H:1V.

Temporary Diversion Channel

It will be necessary to use sheet piles for the temporary diversion chamel in order to
properly contain the high design flows. Based on our explorations, we anticipate very difficult
driving in the ugper 5 to 8 feet of the quund surface. Pror to installing shest piles, it will likely
be necessary to excavate the upper dense mudflow, oobbles and boulders. We anticipate that
driving belay this level will also be difficult because of the preserre of adbbles and boulders.
We recrmend that the contractor be prepared to predrill or prespud the soils alag the proposed
aligment. In addition, it may ke necessary to remove large baulders that may be present below
the sheet pile tip(s) during driving cperaticns. Heavy section cheet piles equipped with pile tips
are recommended. 2 large vibratory hammer will likely be required to achieve adequate
penetration.

We understand that structural braces will be required across the tep of the chamel to
support an acoess way. Pecause of this bracing, we anticipate that the sheet piles will not nesd
to be driven very desp into the ground. However, there still may be areas where the sheets
camnot be driven sufficiently deep below gromd surface, even with the techniques suggested
above. Additional, lecalized bracing may be needed in these areas.

EXISTING DAM STRUCTURE

It is our opinion that the existing dam structure may be reused as the foundation for the
fixed panel and rubber weir portions of the replacement dam. Specific conclusions and
recomendations regarding reuse of the existing dam are presented below.

The structural weod of the timber overlying the concrete apron is sound and suitable for
foundation support. However, many of the surficial timbers have been severely eroded in places
due to the flowing water and the action of cobbles and boulders being transported over the dam.
He therefore recommend that the upper exposed layer of the timber on the downstream apron
be removed prior to construction of the new dam structure.
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The concrete in the downstream apron appears to be sufficiently sound for foundation
support of the new dam structure. The strength of the concrete is above 3,000 psi and no
significant voids were observed. It may be appropriate to remove the surficial weather concrete
surface prior to construction of new dam carponents.

No voids were observed betwsen the bottam of the existing concrete and the subgrade soils.
The subgrade soils were cbeerved to be fim and unyielding. Based on the available information,
we recommend using the allowable soil bearing pressures versus estimated settlement
relationships for the design of the replacerent dam in this area, presentad in Table 4:

Table 4. Soil Bearing Pressures for the Existing Dam

Allowable Soil Estimated
Bearing Pressure Settlement
(psf) (inch)

1,000 0.2
2,000 0.3
3,000 0.5
4,000 0.7
5,000 0.8
6,000 0.9

The settlement estimates presented above are based on the following assumptions:
« the width of the mat foundation is the same as the existing dam width.
» the base of the foundation will remain at the present elevation.
« the soil conditions at the base of the existing foundation consist of medium dense
to dense sand and gravel alluvium.

We recommend limiting bearing pressures to 6,000 psf or less for structures constructed
over the existing dam. Most of the settlements presented above should cocur as the new loads
are applied de o the gqramlar rature of the soil. We estimate that differential settlerent across
the width of the fourdation may be on the order of 1/2 or less of the total settlement, depending
on the specific leading conditions and variability of soil conditions. Post -comstruction settlement
is expected to be regligible.

FOUNDATION SUPPORT
Radial Gate Section

The radial gate section of the replacement dam may be supported direc tly on undisturbed
native soils. The soils at the proposed bottom of foundation level (E1. 652 feet, typical) are
expected to consist of either mudflow deposits or a thin layer of allwium over mdflow deposits.
Both types of deposits consist of dense sandy gravel with cobbles and relatively minor amounts
of fines and are suitable for support of the concrete mat foundation for the radial gates.
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We anticipate that some loosening of the soils at the base of the excavation may cccur as
A result of disturbance from the excavator. The base of the excavation should be compacted with
a vibratory roller to a firm and unylelding state after the design elevation has been achieved. We
recommend that the base then be evaluated by proofrolling to identify any localized loose areas.
Any loose or disturbed areas that cannot be adequately compacted in place should be removed
and replaced with crushed rock compacted to a firm and unyielding condition.

Settlement estimates in granular soil are primarily dependent on the elastic properties of
the soil and the type of analysis. The elastic soil properties can vary widely, depending on
density, gradation and other factors. We have completed settlemen t analyses using several
formulae and estimated soil properties based on published data. Table 5 shows a relationship
between allowable soil bearing pressure below the proposed 5 -foot-thick concrete mat for the
radial gate section and estimated settlement based on average soil parameters.

Table 5. Soil Bearing Pressures for the Radial Gate Section

Allowable Soil Estimated
Bearing Pressure Settlement
(psf) {inch)
2,000 0.2
4,000 0.4
6,000 0.7
8,000 1.0

The settlement estimates presented above are based on the following assumptions:
» the radial gate mat is 5 feet thick and approximately 40 by 65 feet in plan.
« the bottom of the main portion of the mat will be at Elevation 652 fest.
» soil conditions at the base of the mat consist of dense sand and gravel alluvium
or mudflow deposits.

Becasse of the gramilar nature of the soil, settlaments will coowr essentially as the pressures
are gplied. Therefore, post-construction settlements at the rafial qate section should be estimated
by usirg cnly the pet increase in fourdation presawe that is expected fram peration of the qates.
Settlement resulting from dead weight of the structure will have already cocurred prior to
operation of the gates. Differential settlements below the mat will depend primarily on the
stiffness of the mat, the distribution of the loading cn the mat and the il corditions below the
mat. In gereral, we anticipate that differential settlements below the plammed 5-foot-thick mat
may be cn the order of ore quarter of the total settlement.

We recomend that the differential settlement between the radial gate mat and the existing
dan foundation be considered in the design of the joint between the two sections. Differential
settlaments between these two areas oould be as much as the total settlement estimates presented
above. Elastic differential settlements will oocur between these two sections for any type of
fourdation, including piles, because of the different leading conditicns.
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Maintenance and Control Buildings

Soil anditians at the proposed meinterence and aantrol buildings are expected to amsist
of daee mxdflow dgosits. This material should provide auitable sypport for shallow fardhticans
provided the il at tte footing lewel is udistubed. Tre footing subgrade should ke evaluated
to identify any areas of loose or disturbed soil. All areas of loces soil should be recompacted
in place to a fim and unylelding candition or shculd be replaced with compacted sard and
gravel.

Provided the sibgrace is prepared as described above, we recamerd that an allowable soil
bearing pressure of 3,000 psf be used. Minimm fcoting sizes for individual spread footings
shauld be 3 feet. Strip footings shauld have a minimum width of 18 inches. All exterior
foctirgs should ke Iurded at least 18 indes belaw firal grack.

Settlements of footings loackd as recomerckd are expected to ke less than about 1/2 ich.
This settlamert will coor essartially as the loads are aplied.

Upstream Apron

The upstream apran will omsist of a 2-foot-thick, 100-feot-lag carrete slab located
upstream of the radial gate sectim as shown in Figare 3. The fordation loads are expected to
ke relatively light. Tre bottam elevatian of the slab will range fram 655 feet rear the dam to 657
feet upstream. Soil oaditians at these elevatians are expected to omsist of mediun dense to
dense allwium. We reocamerd that an allowable soil bearing value of 2000 psf ke used for the
upstream slab. Fost-omstnretian settlement at this load is exqpectad ke less bn 1/4 inch

Pish Access Structures

New fish access structures are planred rear the right and left sides of the dam. These
stnctures typically axsist of oarrete mat slab spporting carrete walls. Rurhtion loads are
expcted to be moderate. The base elevatians of the sttuctures vary at each location. In gereral,
we anticipate that the soil conditions will cansist of medium dense to dense allwium. An
allowable soil bearing pressure of 2,000 psf may be used for the fawhtian design of these
stnctures. Post-omstrnetian settleanat is expected to ke less then dbaut 1/4 irch for this desiqn
pressure.

Permanent Excavations

A significart ait will be required in the maintenace huilding area to achieve the desiqn
grade. This area is expected to be underlain primarily by dense mudflow deposits. We
recomend that the permanent cut slope in this area be no steeper than 11/2H:1V. We also
recamerd that the slape be veptated as som as practical after the excavatim is ompleted to
redce ercsian, If the cut is mace during a wet periad, it may be recessary to hydroseed the
slae. Surface drainage above the slope should ot be alloved to nn over the top of the slge
ard should ke directed to a collection area and tigtlinad to an apprepriate digcharge point.
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RIVER CHANNEL AND DIKE EROSION PROTECTION
Right Bk

The river banks and the right bank dike located within a half mile upstream of the dam
appear to be fairly stable at this time. The rewer porticn of the dike (Staticn 13+00 to 25+00)
has bad a layer of riprap added to the slopes in 1992 as part of dike recanstructicn in this area.
The older portion of the right barnk dike that will still be used (Station 0+00 to about 13+00)
appears to be stable with little to ro evidence of erosion. Vegetaticn is well -establisted cn the
dike slopes and most of the storeline in this area is scmewhat protected by the sand and gravel
bars cn this side of the river. Therefore, it is owr cpinicn that additicnal erosicn protecticn may
nct re warrarted in the older partion of the narth dike. It my be appropriate to fill in areas with
riprap where significant voids exist between large rocks or bare gqrowdd is present. We consider
placement of riprap in these areas optional since erosion of the right river bark in these areas
appears to be negligible.

No explorations have been campleted in or near the access rcad. Based cn evaluation of
swface soils and extrapolaticn of the closest explaraticns, we anticipate that the road is omgrised
rrimarily of sand and gravel with relatively minor percertages of silt. The river side of the 2-
to 4-foot-high rcad is pretected by 12-inch-minus quarry spalls. The existing access rcad appears
to be inherently stable and suitable for placement of additicmal fill, if needed. However, we
recammend that the near-surface soils of the access road ke well compacted using a vibratory
roller priar to placing ary fill. Althouh unlikely, it is possible that same areas along the toe of
the access road may be underlain by soft, native soil deposits. Any scft or lcose areas, if
present, should be removed and replaced with compacted structural fill. A determination of the
suitability of subgrade soils should be made at the time of construticn.

The height of the access road may be increased by placing suitable fill over adequately
prepared subgrade. We recamend that the fill consist of sand and gravel containing less than
about 12 percent fines (percent passing the number 200 sieve, by dry weight). The fill should
ke coarpacted in lifts not exceedirg 12 inches lcose thickness to a minimm density of 90 percent
of the maximum dry density as per ASTM D-1557. We anticipate the fill mey be obtained from
various cn-site and off-site scurces. Dredge soil from the mearby Woslagel Basin pit is available
as fill. Based on our prelimirary evaluaticn of these materials, it is cur opinion that may be
suitable for access road construction. Additional riprap mey be neaded alony the river side of
the access road, depending on the adequacy of the existing riprap and the material used in
heightening the rcad.

Left Bank

Same minor ercsion and bank recession appear to be present alerg the left bank bluff just
upstream of the dam, Erosicn of this bluff has cccwred relatively slosly historically based on
the review of the aerial phctographs. It is not possible to acawately estimate changes in
historical erosion rates frem aerial photographs due to lack of resolution. The average rate of
bank ercsion appears to hare been about 0.1 to 0.2 feet per year over the last 50 years. It is
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likely that bark erosion will continue at this rate, provided there are no changes in river flov or
geanetry. We anticipate that bank ercsion will be intermittent with slabs of soil falling into the river
dring high flow rates and little to no erosion at other times. The rate of bank erosion may
increase 1if upstream river conditions (including flow rates or river geometry) change.

It is possible that a slight increase in bank erosion may occur over historical rates due to
a narrower channel and a slightly sharper bend that has developed in this part of the river over
the last 20 years. However, we do not expect any rate increase to be significant. Based on our
findings, we do not anticipate that bank erosion protection will be needed along the left bank bluff
if historical erosion rates, or slightly higher, are acceptable. Should the rate of bank erosion
increase in the future, the need for bank erosion protection should be evaluated.

He recomend that a monitoring system be installed at the top of the bluff in this area to
obtain more information on the erosion rate. The monitoring system may consist of steel st akes
driven into the ground and surveyed, horizontally and vertically. The monitoring frequency
should ke at least annually for the first few years and, depending on the results, may be reduced
subsequently.

If the historical erosion rates are judged to be unacceptable and additional river bank
protection is deemed appropriate, it may be accomplished by several methods. These include
flattening the bluff and protecting the slope with suitable riprap material or constructing training
groins. Slope flattening may be accomplished by either placing fill along the tce or by cutting
back from the top of the bluff. Training groins, if used, will require placement of large rock
(i.e., 2 to 3 feet in size) in the river in a configuration such that sediment will natur ally be
deposited behind the groins. We anticipate that the upstream tie -in point to the riverbank will
be approximately 1,000 to 1,200 feet upstream of the diversion dam. Details of the groin
configuration may be developed as needed.

The left bak upstream of the bluff is aovered with well-established wvegetation. Eresion
protectim of the left benk beyord about 1,000 fest upstresm of the dam does mot gpear to ke
warranted.

Downstream

Significant erceicn and stbeequent deposition of river bed deposits hasooorred downstresm
of the dam. Tre primery locatim of this ercsim is within the main river chamel (starting fran
the left end of the dam to about 150 north (right) of the left end). Based on hydraulic model
studies completed by Nortiwest Hydraulic Cons ultants, Ltd. (1992), it appears that the significant
erosion after the new dam is constructed will occur in the same area. Specifically, Northwest
Hydraulics Consultants, Ltd. predicts that significant erosion will occur within about 100 feet
downstream of the two new radial gate sections (RGl and RG2) and left rubber weir (RW1).
Their studies indicate that scour may occur as deep as 20 feet or more, assuming no riprap is
present. As previously discussed, approximately 1,600 tons of riprap had been placed in this area
in the 1930s. We encountered some of this material, as well as large concrete debris, in several
of our test pits. This material appears to have reduced downstream erosion of riverbed material.
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However, it may not be sufficient to control erosion under hydraulic conditions that will be
imposed by the new dam configuration and operation. It may be appropriate to place additional
large {4 feet and larger) riprap in this area to reduce post-construction erosion.

SEEPAGE CONSIDERATIONS
Seepage below the Existing Dam

Gechrgineers aampleted seepage amalyses below and aroud the existing diversian dam to
davelcp haseline seerage rate estimates for use by the desion tesm dwing the prelimivery desion
of the project. We weed a standard flow ret amalysis method to estimate the sespage below the
exdsting dm. Tre estimates of segpage below the cam presaved in ar May 4 prelimimary report
range fram 1 to 10 cfs (abic feet per seomd). This estimate is based an permeability values
estimated from slug tests an the right benk and grain size relaticnships. The pemmeability
estimates derived fram the recently completed pup test indicate that the soil pemmeability below
tre dém is lower then previcusly estimated Pased an updated pemeakility chta, we estimate that
the rane in segage under the existing diversian dam to be abaut 1/2 to 2 cfs. This correspads
to 0.02 to 0.1 percert of the maximm intake (2,000 cfs) info the flume. These calculaticns
assume 11 feet of differential head acrcss the dam. Sirce seepage rate is directly propartiaml
to differantial head, seepece rates at other beads may be estimated throxh linsar extrapolation
cf these values.

Piping Potential

Based @ grain size distributians of the soils kelow the dam and qur experierce with the
local river deposits, it is arr cpinicn that the potential for piping below or aroxd the dam is
rlatively low. Tre soil cansists of a moderately graded mix of gravel and sard with adbles ad
gmall amants of silt. We uxkerstand that HR plans to install drains thragh tle existing dam
to reduce Wlift pressures. We recamend that the bottan of the wells ke prperly screered to
prevert transpart of the firer soils wp throwgh theslls.

Downstream End Walls

We understand that end walls will ke used to redre soawr alay and uner the downstream
side of the replacement cam. We recamend that the walls exterd to the wmudflow deposits
which were typically emooutersd in oxr exploratias within a depth of 10 feet of the surface of
the domnstresm gpron. Because of the presence of large baulders ad riprap in this area, sheet
piles are mot omsidered feasible. Several methods of omstrnction of an erd wall have been
amsicered, inchding a cast-inplace carrete vall abaut 10 feet donstream of the existing ed
wall, a cast-inrplace caxrete wall adjacent to the edsting end wall, and a taygsr axxrete pile
wall amstneted adjacert to the existing e wall. Tre cast-inplace aaxrete walls will reqire
excavaticns close to the existing end wall and may result in cavirg of soil fram bereath the
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existing end wall and dam foundation. If this occurred, it would affect the integrity of the
foundation. Therefore, we recommend that the end wall be corstructed using khe tangent pile [or
similar) method.

A tangent concrete pile wall consists of a row of concrete piles (each pile is typically 1 to
3 feet in diameter) such that the sides of each pile are touching each other. Thus, the row of
individual piles acts as a wall. Because of interference between adjacent piles, the wall must be
constructed in stages. The wall is constructed by drilling holes at about 3 pile dia weters apart
and filling the holes with concrete and appropriate reinforcing steel. After the concrete in these
holes has set, the contractor drills holes in between the first set of piles and fills these holes with
concrete. Finally, the voids between the first two passes of hardened piles are drilled and
concrete poured. After the wall is completed, it is tied structurally at the top to the existing (or
replacement) dam foundation using grouted bolts or other suitable connections. This provides
added lateral support. Existing riprap or other debris may be encowntered during drilling. It may
be necessary to prespud or drill smaller holes (e.g., using an air track drill rig) in these areas,
if encountered, to break up the obstruction.

LATERAL: EARTH PRESSURES

Active earth pressures on the upstream dike walls or downstream end walls may be
evaluated using a triangular -shaped equivalent fluid earth pressure of 18 pef (pounds per cubic
foot) times the height of soil behind the dam wall or cutoff. Hydrostatic and dynamic water
pressure should be added to the equivalent fluid earth pressure.

Resistance to lateral loads may be developed through friction between the foundation base
and the underlying soils and by passive earth pressure along buried foundation componen ts.
Friction along the base of the foundation may be computed using a ccefficient of friction of 0.8
applied to vertical dead-load forces. This includes no factor of safety. We recommend using a
factor of safety of 1.5 to 2.

In addition to base friction, passive pressure along the downstream dam wall or cutoff may
also be used to resist lateral loads. An equivalent fluid earth pressure of 500 pef times the height
of soil is considered appropriate for the passive case under submerged conditions. This value
includes no factor of safety. We recommend using a factor of safety of at least 1.5. The depth
of soil in the passive zone may need to be reduced if there is a potential for scour in this zone.

LIMITATIONS
He have prepared this report for use by Puget Sound  Power & Light Company and HDR
Engineering, Inc. in design of a portion of this project. The data and report are based on
interpretation of available subsurface information. our conclusions and interpretations should not
be construed as a warranty of the subsurface conditions.
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Within the limitations of sccpe, schedule and budget, our services have been executed in
accordance with generally accepted practices in this area at t he time the report was prepared. Mo
warranty or other conditions, express or implied, should be understood.

We trust this information meets your needs. If you have any questions regarding this
information, please contact us.

Respectfully submitted,

GeoEnginesrs, Inc.

Daniel ¥. Mageau, PB.E.
Associate

Gordon M. Denby, P.E.
brincipal

DyM:GMDnrw

Document ID: 0186227.M16

Three draft copies submitted
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VICINITY MAP AND SITE PLAN
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APPENDIX A

FIELD EXPLORATIONS
GENERAL

Subsurface explorations at the site were explored by drilling four borings from August 28 to September 4,
1990, excavating 8 test pits on September 14, 1990, excavating five test pits on August 2, 1991 and digging four
hand holes on April 16, 1992. An additional two borings, MW-1 and TW-1, were drlled on September 9 and 10,
1993.

The explorations were either completed or were continuously monitored by a geotechnical engineer from
our stafl’ who selected sample intervals, examined and classified samples recovered, and kept a log of each boring
based on examination of the samples. Exploration locations were measured by taping and pacing from existing
survey markers located in the field. Ground surface elevations at the explorations have been interpreted from
contours shown on a photogrammetric map constructed by Walker and Associates, Inc. entiled "White River,”
dated December 11, 1989.

The soils encountered in our explorations were classified visually in general accordance with the classification
system described in Figure A-1. A key to the boring log symbols is presented in Figure A-2. The exploration logs
are based on our interpretation of the field and laboratory data and indicate the vanous types of soils encountered.
They also indicate the depths at which these soils or their characteristics change, although the change might

actually be gradual. If the change occurred between samples, it was interpreted.

BORINGS

The four borings designated as B-1 through B4 were drilled to depths ranging from 40 to 50 feet using a
truck-mounted air-rotary drill rig. Relatively undisturbed samples were obtained from the borings using a 3.25 inch
O.D. split-barrel sampler driven into the soil using a 300-pound hammer falling a distance of approximately 30
inches. The number of blows required to drive the sampler the last 12 inches, or other indicated distances, is
recorded on the boring logs. The locations of the borings are shown on the Site Plans, Figures [ and 2.

Borings MW-1 and TW-1 were drilled by Holt Drilling, Inc. of Puyallup, Washington using a truck-
mounted hollow-stemn air rotary rig. The borings were completed as a monitoring well and a test well, respectively.
Details of well installation are presented in the text of the report. Soil samples were typically obtained using a 3.25
inch OD (outer diameter) split-barrel sampler driven by a 300 pound hammer free falling. a distance of 30 inches.
The number of blows required to drive the sampler the final 12 inches, or other indicated distances was recorded.

Soil sampling was also attempted using two other types of samplers. These include a 2.0 OD (outer
diameter) split barrel sampler, driven using a 140 pound hammer, and a 5-inch OD split barrel sampler
driven using a 500 pound hammer were also used. However, the recoveries obtained using these
samplers were munimal and therefore their use discontinued.

The logs of the borings are presented in Figures A-3 through A-8.

TEST PITS
Test pits TP-1 through TP-8 were excavated in the east portion right bank dike with a rubber-tired

GeoEngineers A-1 File No. 0186-227-806/050294
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backhoe to depths ranging from 7 to 10.5 feet. Test pits TP-9 through TP-17 were excavated in the river bed
and left niver bank using a track-mounted excavator. The depths of these nine test pits ranged from 4.5 to 16
feet below the river bed. The locations of the test pits are shown on the Site Plans in Figures 1 and 2 and in

Figures 4 and 5.
The logs of the test pits are presented in Figures A-9 through A-16.

HAND HOLES
Hand holes H-1 through H4 were excavated in sand bars in the river by digging with a hand shovel. The
depth of the holes ranged from 1 to 3 feet. Location of the hand holes is shown in Figure 2. The logs of the

hand holes are presented in Figure A-17.
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GEI 85-85 Rev. 05/93

SOIL CLASSIFICATION SYSTEM

GROUP
MAJOR DIVISIONS SYMBOL GROUP NAME
GRAVEL CLEAN GRAVEL GW WELL-GRADED GRAVEL, FINE TO COARSE GRAVEL
COARSE
GRAINED GP POORLY-GRADED GRAVEL
SOILS More Than 50%
of Coarse Fraction GRAVEL GM SILTY GRAVEL
Retained WITH FINES
on No. 4 Sieve GC CLAYEY, GRAVEL
More Than 50%
; SAND CLEAN SAND SW WELL-GRADED SAND, FINE TO COARSE SAND
Retained on
No. 200 Sieve
Sp POORLY-GRADED SAND
More Than 50%
of Coarse Fraction SAND SM SILTYISAND
r—— WITH FINES
No. 4 Sieve sc CLAYEY SAND
FINE SILT AND CLAY ML SILT
GRAINED INORGANIC
SOILS CL CLAY
Liquid Limit
Less Than 50 ORGANIC oL ORGANIC SILT, ORGANIC CLAY
SILT OF HIGH PLASTICITY, E TIC SIU
More Than 50% SILT AND CLAY MH LAS T
P INORGANIC
. Passes
CH CLAY OF HIGH PLASTICITY, FAT CLAY
No. 200 Sieve )
Liquid Limit
50 or More ORGANIC OH ORGANIC CLAY, ORGANIC SILT
HIGHLY ORGANIC SOILS PT PEAT
NOTES: SOIL MOISTURE MODIFIERS:

1.

Field classification is based on visual examination of soll
in general accordance with ASTM D2488-90.

Soil classification using laboratory tests Is based on

ASTM D2487-80.

Descriptions of soil density or consistency are based on
interpretation of blow count data, visual appearance of
soils, and/or test data.

Dry -
Moist -

Wet -

Absence of moisture, dusty, dry to the touch
Damp, but no visible water

Visible free water or saturated, usually soil is
obtained from below water table

&
NE

-
-
v

Engineers

SOIL CLASSIFICATION SYSTEM

FIGURE A-1
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GE! 86-88 Rev. 6/%0

LABORATORY TESTS: SOiL GRAPH:

AL Atterberg limits

CP  Compaction

CS  Consolidation

DS  Direct shear

GS  Grain - size

%F  Percent fines

HA  Hydrometer analysis
SK  Permeability /
SM  Moisture content

MD  Moisture and density

SP  Swelling pressure

TX  Triaxial compression

UC  Unconfined compression
CA  Chemical analysis

BLOW-COUNT/SAMPLE DATA:
22 B
Blows required to drive a 2.4—inch 1.D.
split-barrel sampler 12 inches or
other indicated distances using a 12 R
300-pound hammer falling 30 inches.

17 0
1o
Blows required 1o drive a 1.5-inch I.D.
(SPT) split-barrel sampler 12 inches
or other indicated distances using
140-pound hammer falling 30 inches.
26 [0
8

"P” indicates sampler pushed with
weight of hammer or against weight
of drill rig.

NOTES:

SM  Soil Group Symbol

(See Note 2)

Distinct Contact Between
Soil Strata

Gradual or Approximate
Location of Change
Between Soil Strata

1K

Water Level

Bottom of Boring

Location ol relatively
undisturbed sample

Location of disturbed sample

Location of sampling attempt
with no recovery

Location of sample obtained
in general accordance with
Standard Penetration Test
(ASTM D-1586) procedures

Location of SPT sampling
attempt with no recovery

Location of grab sample

1. The reader must refer to the discussion in the report text, the Key to Boring Log Symbols
and the exploration logs for a proper understanding of subsurface conditions.

2. Soil classification system is summarized in Figure A-1.

\ KEY TO BORING LOG SYMBOLS

= ‘l
/
GeonN ,’;‘Enomeers
\

FIGURE A-2
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TEST DATA BORING B-1
2 ®
" Lo 2
= 25 Hs i@ —
2 . af% 35 Jemmon
B
[] 06 < [ a ~0 Surface Blevation (ft.): 661.0
- o v Q0o o
0 Rock and concrete filled imber cnb dam 0
7] FIGM  Dark gray sandy finc to coarse gravel with 2 trace of silt and B
= occasional cobbles (dense, wet) |
5] 50/1" L—S
‘+ =GP Gray fine to coarse grave] with silt, sand and occasional cobbles [‘
_‘ GS 50/5° = GM {densc, wet) |
10 50/6" -10
N 50/5" Driving on a cobble o
] I
15 so7e° - 15
w
ullJ. . =
z ] i
H 1 %F 50/6" |
P :
o 7 ‘| SP Dark gray gravelly medium to coarse sand with silt (dense, wer) il
8 20 - {sM ~20
[=] 50/3"
25 | S0/6: Las
pl Dark gray fine to coarse gravel with sand, occasional cobbles and |
o™ a trace of silt (dense, wet)
] - L
30 o R I=
%F so/a R =t 30
- P
-~ o ™
= -
<} - [
y " i
35 6s so/ B | 33
—4 3 r
24 GP  Gray sandy fine to coarse gravel with silt and occasional cobbles o
| |[GM (dense, wet)
40 j —40
Note: See Figure A-2 for explanation 6f symbols
A Log of Boring
eo &N Engineers
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TEST DATA BORING B-1
. " (Continued)
[ (oY) | B
o 3 & by
E =, ‘n'C 3C o : DESCRIETION
§ 358 28 I3 Foma
=t b= ool @mo o
40 T LU Bk 40
T -
o {SP  Dak gray medium to coarse sand with gravel (dense, wet) i
45 — so/4 R —45
L
.
50 - s B -50
N Boring completed at 50.5 feet on 8/29/9%0 s
Ground water encountered at approximatcly 1 foot depth at time
=1 of drilling -
Artesian water conditions encountered at 30 feet caused the water i
_} level in the boring to rise to about S feet above the top of
1 boring during drilling &
e 55 55
ju}
i} 7 £
w
z il 5
H b B
I
- N i
o
8 60 — 60
4 i
. L
65 — —65
70 — 70
. 5
75 — 75
80 - L 80
Note: See Figure A-2 for explanation of symbols
%(ﬁ ) Log of Boring
GeoXNZ Engineers




“V186-116-886

le/18/980

GMD:DJC:CcDG

DEPTH IN FEET

TEST DATA BORING B-2
"
+ v
" Lo pu ] o
¥ ac + o
" B We 3t on DESCRIPTION
) B8 258 83 § ook Surface Elevation (ft): 6610
. a8 adh Z28 8 Symbo urface Elevation (ft.) :
0 Rock and concrete filled timber cxib dam 0
-
= = [
. s IGW  Gray sandy finc to coarse gravel with occasional cobbles, a trace
-] - of silt and wood fragments (loosc, wet) L
5 L s -5
-1 -
1 cs 2 1= -
o, Grades to medium dense
Ragt iy L
1 =
] s50/5" [ _.: Driving on cobble L
10 L —10
| GP  Dark grayish-brown sandy finc to coarse gravel with silt and
] GM occasional cobbles (dense, wet) [
1 %F 50/ R
=]
i so/2t K 15
T so/50 H Large picce of gravel in shoe [
N .L{ GP  Gray silty, sandy finc to coarse gravel with cobbles (dense, wet) ’_
GM
20 -] GS so/s* A 20
1 -

25 50/5" [ 25
il Large picce of gravel in shoe B
30| %F so/a 30
il [

o L
35 B 35
- L
] Boring completed at 40 feet on 8/30/90 i
J %F so/a M Grounde?tcr encountered at approximately 1 foot depth at time r
40 of dnlling L 40

Log of Boring

FIGURE A—-4
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~3186-118

DEPTH IN FEET

TEST DATA BORING B-3
2 .
3 [t] 2 »
] pl + ]
- o e xE 3 DESCRIPTION
D AC A acy b3 g Grow .
: gg X 68 o —Bg (?) Symbol Surface Blevation (ft.): 673.0
23 ~
0 0
Dark brown silty fine to medium sand with gravel and occasional
cobbles (loose, moist) (sod zone) -
Dark brown silty finc to medium sand with gravel and occasional L
j cobbles, (loose, moist)
8
5 N Dark brownish-gray silty finc sand (very loose, moist) 5
7] : GP  Dark brownish-gray sandy fine to coarse gravel with occasional r
10 | 7 B e cobbles and a trace of silt (dense, wet) 10
. [ L
[ o
~1 e -
-
el
N P L
- o . L
o
15 50/5'. Q P s 15
1 % 100/5 ol
4 — L
[ -
4 s L
- _—
st F
- iy :
Gs 90/6° T |
20 /e B = L 20
] [
4 o L
¥ - L
g
= - o IGW  Brown finc to coarsc gravel with silt, sand and occasional cobbles, |
. - |GM (dense, wet)
25| ©s 81/6" R = 25
T Gray silty, sandy finc to coarse gravel with occasional cobbles i
E (densc, wet) =
57/6" L
30 -] %F 5055, 30
g -
— o
15 ] 50/5° 35
. Gray medium sand with silt and occasional gravel (dense, wet) L
N Boring completed at 40 feet on 8/31/90 |
Ground water encountered at approximately 12 fect depth at
time of drilling and on 9/6/91 L
40 ToF 53/6 Zinch diamcter monitor well instalied to 25 fect on 8/31/90 L4

Note: See Figure A-2 for explanation of symbols
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ie/16/9¢0

1GMD:DJIC:CoA

WJ.BG-I.J.S-EGS

DEPTH IN FEET

TEST DATA BORING B4
by x
[ (o) o | .0
e 25 e w &
oy e A 2 DESCRIPTION
o “C A~ 3Cy 03 g Grouwp .
[} 00N Lop -0 8 Symbol Surface Elevation (ft.): 674.0
e | rOow ooo Do ©
0 = -w=-[GP  Gray finc to coarse gravel with coarse sand and occasional cobbles 0
==t Y gra
. (medium dense, wet) L
. .
5| 50/5* K 5
. B
N “} SP Dark gray finc to coarse sand with gravel, occasional cobbles and |
a trace of silt (dense, wet)
10 - so/5t A 10
N X 1 sp Gray gravelly fine to coarse sand with silt and occasional cobbles 8
1sM (dense, wet)
. 50/6° : i
15 15
. 2
N a
N 60/6" -
20 — —20
7 I
N 62/5" i
25 - 25
‘ I
7 60/5" r
30 ~30
i L
35 50/4" R ML Gray silt with sand and gravel (hard, wet) | 35
| ' L
| A sp Gray fine to coarse sand with gravel, occasional cobbles and a |
: trace of silt (dense, wet)
T 75/2" & (
40 — —40

Note: See Figure A-2 for explanation of symbols
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tGM3:DJIC: CDA

29186-115-B06

DEPTH IN FEET

TEST DATA BORING B4

- . (Continued)
n | 3
L ac f
= i, we 3t DESCRIPTION
o HE A =Co D3I
[l 00 X Lup —0
pl baS g 00~ w@o
40 40
- =
50 — s Boring completed at 50 feet on 9/4/90 —S0
. Ground water encountered at approximately 3 feet depth at time |
of drilling i
55 —-] 55
- =
60 — [-'60
65 — 65
70 70
. L
75 -75
—{
80 -~ LSO

Note: See Figure A-2 for explanation of symbols
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:SBM:CMS 11/30/93

0186-227-R06 Tsk 4

DEPTH IN FEET

WELL SCHEMATIC

Casing Elevation (ft.):
Casing Stickup (ft.):

TEST WELL TW-1

Moisture
Content(%) ., DESCRIPTION

— Group
Dry(Dc‘r)mty Count Samples Symbol Surface Elevation (fl.): 660.50

pc

— é—Bcntonilc

- T

T

=

1~ 10-inch Schedule 40
| PVC screen,
0.060-inch slot width

T

Natural soil backfill

Base of wel at 30.0
feet

10 inches timber
s=r| GRAVEL 8 inches gravel
.| CONCRETE 18 inches concrete

Po°o,9qGP Grey finc to coarse gravel with sand and cobbles
5073" @ L%6° q (medium dense to dense, wet) (alluvium)
o o

so4" )

50/3° X

-_/TS GP-GM Gray fine to coarse sandy grave! with silt and
ol |d occasional cobbles (dense, wex) (mudfiow)

50/4°

of 9 Grades to gravelly sand
50/4" R 1° #

Boring completed at 24.5 feet on 09/09/93

Note: See Figure A- 2 for explanation of symbols

—30

S
GeoNs gEngmeers

LOG OF TEST WELL

FIGURE A-7

D-118




Ny’

DEPTH [N FEET

93

LinCMS |

0186-227-R0O8 Tsk 4

MONITORING WELL MW-1
WELL SCHEMATIC

Casing Elevation (ft.):

! ¢ Moisture 6
Casing Stickup (ft.): Content(%) Hiow Grovp DESCRIPTION
Dry Density Count Samples Symbol Surface Elevation (ft.):- 660.50
(pch)
o) [—| =t Bentonite pellets 12 inches timber
= B
{ — === GRAVEL 2 inches gravel
1H B CONCRETE 20 inches concrete
=8=
1 E 1| SP-SM Grayish brown fine to coarsc gravelly sand with
r" ] 50/4" 5 silt and occasional cobbles (medium dense to
dense, wet) (alluvium)
10 51
130
38
2-inch Schedule 40
PVC screen,
0.020-inch slot width 26
GP-GM Gray sandy gravel with silt and occasional cobbles il
{dense, wet) (mudflow)
40
{e]
o fs |
. '0
ol q
O
ol | d
.O
o q
; P’
o) q
61 M,
of |d
0|
*t-No. 40 sand backfill o| td
0,
O J
O]
L] q
.O|
{3 q
e
50/2" Rlol |4
* 150
Base of well at 24.5 Boring completed at 24.5 feet on 09/09/93
feet

30~

Note: See Figure A- 2 for explanation of symbols

v

(l' LOG OF MONITORING WELL

i
G k‘;Eng]neerS FIGURE A-8
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110=103

GEI

DEPTH BELOW
GROUND SURFACE

SOIL GROUP. __
CLASSIFICATION

LOG OF TEST PIT

(FEET) SYMBOL DESCRIPTION
TEST PIT 1
Approximate elevation: 690 feet

0.0 - 0.5 4 inches minus rock spalls

0.5 = 2.0 12 inches minus xock spalls

2.0 - 4.0 SP Dark grayish-brown gravelly fine to coarse sand with occasionzl
cobbles, boulders and a trace of silt (medium dense, moist) -

4.0 - 8.0 SP-SM Gray gravelly fine to coarse sand with silt, occasional cobbles
and small boulders (medium dense, moist)

8.0 - 10.0 SP Dark grayish-brown gravelly fine to coarsa sand with occasional
cobbles, small boulders and a trace of silt (medium dense,
moist)

Test pit completed at 10.0 feet on 9/14/50
No ground water seepage encountered
Disturbed sample obtained at 2.5 feet
JEST PIT 2

Approximate elevation: 689 feet

00> 0.5 GP Gray fine to coarse gravel with sand (medium dense, moist)

0.5 - 1.5 12 inch minus rock spalls

1.5 = 10.5 SP-SM Brown gra‘;ally fine to medium sand with silt, occasional cobbles

and small boulders (loose, moist)
Test pit completed at 10.5 feet on 9/14/99
Ko ground water seepage encountered
Disturbed sample obteined at 10.0 feet

Large boulder encountered at 10.5 feet

THE DEPTHS ON TEE TEST PIT LOGS, ALTHOUGH SHOWN TO 0.} FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
TEE TEST PIT AND SBOULD BE CONSIDERED ACCURAIE TO 0,5 FOOT.

,//g‘u
<A
GeoRgg

Y,

Engineers

LOG OF TEST PIT

FIGURE A-9
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110-103

GEI

LOG OF TEST PIT

DEPTH BELOW SOIL GROUP
GROUND SURFACE CLASSIFICATION
(FEET) SYMBOL DESCRIPTION
JEST PIT 3
Approximate elevation: 685 fest

0.0 = 0.8 SP-sM Brown fine to medium sand with silt, gravel and roots (loose,
woist) (sod zone)

0.5 - 6.0 GP Dark grayish-brown sandy fine to coarse gravel with occasfonal
cobbles, swmall boulders and roots to 2 feet in depth {loose,
woist) (£ill)

6.0 - B.0 GP Dark grayish-brown sandy fine to coarse gravel with occasional
cobbles and small bouldera

Test pit completed at 8.0 feet on 9/14/90
No ground water seepage encountered
Large boulder encountered at 8.0 feet
TEST PIT 4

Approximate elevation: 688 feet

0.0 - 0.5 -SP-SM Brown fine to medium sand with s{lt and gravel {loose, moist) (sod
zone)

8S- = 8.0 Sp Dark gray gravelly medium to coarse sand (loosa, moist) (f£ill)

Test pit completed at 8.0 feet on 8/14/30
No ground water seepage encountered

Hoderata caving below 5.0 feet -

THE DEPTES ON TBE TEST PIT LOGS, ALTBOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE TEST PIT AND SBOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

o LOG OF TEST PIT
N2 o
Geo Nz Engineers FIGURE A-10
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LOG OF TEST PIT
DEPTH BELOW SOIL GROUP
GROUND SURFACE CLASSIFICATION
(FEET) SYMBOL DESCRIPTION
TEST PIT 5
Approximate elevation: 683 feet
0.0 - 0.5 SP-SM Brown fine to medium sand with silt and gravel (loose, moist) (sod
zone)
0.5 - 7.5 GP Dark gray sandy fine to coarse gravel with occasional cobbles,
small boulders and a trace of silt (loose, moist) (£i1l)
Test pit completed at 7.5 feet on 9/14/90
No ground water seepage encountered
Wood debris at 4.0 feet
Moderate caving below 5.0 feet
TEST PIT 6
Approximate elevation: 6B7 feet
0.0 = 0.5 SP-SM Brown fine to medium sand with silt, gravel and roots (loose,
moist) (sod zone)
0:5 = 2.0 12 inches minus rock spalls
1.0 - 6.0 GP Dark gray sandy fine to coarse gravel with occasional cobhles,
y small boulders and a trace of silt (loose, moist) (fill)
? 6.0 - 10.0 Sp Dark gray gravelly fine to coarse sand with occasional cobbles,
small boulders and a trace of silt (loose, moist) (fill)
Test pit completed at 10.0 feet on 9/14/90
No ground water seepage encountered
Large boulder encountered at 10.0 feet
IEST PIT 7
Approximate elevation: 685 feet
) 0.0 - 5.0 Sp Gray fine to medium sand with gravel, occasional cobbles, small
boulders and roots to 2.0 feet (loose, moist) (£111)
5.0 -~ B.0 SP Gray f{ine to medium sand with occasional gravel (loose, moist)
Test pit completed at 8.0 feet on 9/14/50
No ground water seepage encountered
THE DEPTRS ON THE TEST PIT LOGS, ALTBOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
M TEE TEST PIT AND SHOULD BE CONSIDERED ACCURATE 70 0.5 FOOT.
o
—
1
= '//((l" LOG OF TEST PIT
: GeoNNZEngi
CON 2 LNZINEETS
" N FIGURE A-11
(O]
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110-103

GE1

DEPTH BELOW
GROUND SURFACE

(FEET)

0.0 - 3.5

3.5 - 6.0

LOG OF TEST PIT

SOIL GROUP
CLASSIFICATION
SYMBOL DESCRIPTION

IEST PIT 8
Approximate elevation: 682 feet

SP Gray gravelly fine to medium sand with occasional cobbles and roots

to 2 feet (loose, moist) (f£ill)
94 Gray gravelly fine to coarse sand with occasional cobbles, small

boulders and a trace of silt (loose, moist)

Test pit completed at 6.0 feet on 9/14/30

¥o ground water seepage encountered

THEE DEPTBS OR THE TEST PIT LOGS, ALTBOUGH SEOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
TBE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

Geo

4

2\

(1
W
Z

Engineers

LOG OF TEST PIT

FIGURE A-12
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LOG OF TEST PIT

™ DEPTH BELOW SOIL GROUP
i GROUND SURFACE CLASSIFICATION
i (FEET) SYMBOL DESCRIPTION
TEST PIT TP-9 (In River)

0.0 - 11.5 G Dark brown fine to coarse gravel with fine to coarse sand,
numerous cobbles to 12 inches (15 to 20 percent by weight),
occasional bouldars to 24 inches (5 to 10 parcent by weight),
tree roots and limbs to 4 inches in diameter, occasional
concrete pleces (loose to medium dense, molst to wet)

11,5 - 13.0 [ e ] Grey fine to coarse gravel with silt, fine to coarse sand and
occasional cobbles to 12 inches (medium dense, to dense, wet)
(Osceola mudflow)

Test pit completed at 13.0 fest on 08/02/901
Gravel, cobbles mnd boulders are subrounded
Ground surface covered with layer of boulders to 18 inches
Test pit walls sloughing, difficult to obtaln sample of mudflow
TEST PIT TP-10 (In River)
Water depth: 1.5 feet at test pit

0.0 - 12.0 GW Dark brown fine to coarse gravel with fine to coarse sand,

numerous cobbles to 6 inches (10 to 15 percent by weight),
occasional cobbles to 12 incbes (less than 5 percent by
weight), occasional boulders to 24 inches (less than 1 percent
by weight), numerous wood pleces, tree roots and limbs to
6 inches in diameter (loose to medium dense, wet)

Test pit completed at 12.0 feet on 08/02/31

Refusal on la.:'go obstruction at 12 feet (slab or boulder), moved
test pit 15 feet downstream (Test Pit 2A)

Gravel, cobbles and boulders ars subrounded

THE DEPTHS ON THE TEST PIT LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS

g THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

- ]

" o 0 LOG OF TEST PIT
- = .
~ GeoNZEngineers
— k" 8l FIGURE A-13
(&,

D-124




110-103

GEI

DEPTH BELOW
GROUND SURFACE

(FEET)
6.0 - 16.0
0.0 - 15.0
0.0 - 7.0

SOIL GRouP
CLASSIFICATION
SYMBOL

LOG OF TEST PIT

DESCRIPTION

TEST PIT TP-11 (In River)

Water depth: 1.5 feet at test pit

Dark brown fine to coarse gravel with fine to coarse sand,
numerous cobbles to & inches (10 to 15 pexcent by weight),
occasional cobbles to 12 inches (less than 1 percent by
weight), few boulders to 14 inches (less than 1 percent by
weight), mnumerous tree roots and limbs to 6 inchea in
diameter, occasional metal pieces (loose to medium dense, wat)

Test pit completed at 16.0 feet on 08/02/91

Caving severely, digging stopped at 16-foot depth

Gravel, cobbles and boulders are subrounded

IEST PIT TP-12 (in River

Water depth: 1 foot at test pit

Dark brown fine to coarse gravel with fine to coarse sand,
numerous cobbles to 6 inches (10 to 15 percent by weight), mo
boulders, occasional tree roots and limbs to 3 inches in
diameter (loose to wedium dense, wet)

Test pit completed at 15.0 fest on 08/02/91

Severe caving stopped digging at 15,0 feet

Gravel and cobbles are subrounded

TEST PIT TP-13 (In River)

Ground surface: 1 foot higher than dam apron

3-inch to 12-inch cobbles in dark brown fine to coarse sand and
fine to coarse gravel matrix, boulders to 24 inches (20 to 25
percent by weight) (loose to medium dense, moist to wat)

Test pit completed et 7.0 feet om 08/02/91

Caving severely at 7.0 feet, can’t keep hole open below 7.0 feet
depth

Gravel, cobbles and boulders are subrounded
Surface covered by boulders to 24 inches

Hater observed at 6.5 feet

THE DEFTHS ON THE TEST PIT LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF MEASUREMENTS ACROSS
THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.
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FIGURE A-14
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DEPTH BELOW
GROUND SURFACE
{FEET)

0.0-4.5

0.0-3.0

3.0-55

0.0-4.0

4.0-10.0

SOIL GROUP
CLASSIFICATION
SYMBOL

LOG OF TEST PIT

DESCRIPTION

GP

SP-GP

SM

SP

Sp

TEST PIT 14 (in River)

Brown-black sandy gravel with cobbles and boulders to 18 inches diameter
Test pit completed at 4.5 feet on 11/02/93

Depth of river water at test pit location is 4.5 feet

No caving encountered

No samples obtained

TEST PIT 15

Brown fine 1o medium sand with gravel, cobbles and occasional boulders 1o 12 inch
diameter (dense to very dense, moist) (fill)

Gray silty sand with gravel and cobbles (very dense, moist to wet)
Test pit completed at 5.5 feet on 09/12/93

Slight ground water secpage encountered at 3.0 feet

No caving encountered

Disturbed soil samples obtained at 2.0 and 5.0 feet

TEST PIT 16

Brown fine 1o medium sand with gravel, cobbles and a trace of silt and scanered
roots (medium dense, moist 1o dry)

Dark brown fine to medium sand with gravel and cobbles (medium dense, moist)
Test pit completed at 10,0 feet on 09/10/93

No ground water seepage encountered

No caving encountered

Disturbed soil samples obtained at 4.0 and 8.0 feet

THE DEPTHS ON THE TEST PIT LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF
MEASUREMENTS ACROSS THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

\
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Engineers

LOG OF TEST PIT

FIGURE A-15
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LOG OF TEST PIT

DEPTH BELOW SOIL GROULP
GROUND SURFACE CLASSIFICATION
\FEET) S5YMBOL DESCRIPTION
TEST PIT 17
0.0-50 GP Brown-black sandy gravel with cobbles, boulders to 18 inches diameter and concrete

debris to 5 feel diameler (very dense, wet)
Excavator bucket refusal on concrete debris at 5.0 feet on 11/02/93

Depth of river water at test pit location is 4.5 feet

No g d water d

Pag

No caving encountered

THE DEPTHS ON THE TEST PIT LOGS, ALTHOUGH SHOWN TO 0.1 FOOT, ARE BASED ON AN AVERAGE OF
MEASUREMENTS ACROSS THE TEST PIT AND SHOULD BE CONSIDERED ACCURATE TO 0.5 FOOT.

-

AW LOG OF TEST PIT

\§

Geory

N

\\

Engmeers FIGURE A-16
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LOG OF HAND HOLES

(See Figure 2 for Location)

Depth
Interval
Hole No.  (inches) U.S.E, Soil Description
H-1 0- 6 SM Silty fine sand with a trace of organic material
6-18 GP-GM Coarse gravel with soft and fine sand
Hand hole completed on 4/16/92
Soil samples obtained at 6 and 18 inches
Hole did not fill with water
H-2 0-6 SP-SM Fine sand with silt
6-18 SM Silty fine sand
18 - 36 SM Silty fine sand with fine to coarse gravel
Hand hole completed on 4/16/92
Soil samples obtained at 6, 18 and 36 inches
Hole filled slowly with water
H-3 0-12 GP Coarse gravel with medium sand
Hand hole completed on 4/16/92
Soil sample obtained at 12 inches
Hole filled rapidly with water
H-4 0-12 GP Medium sandy fine to coarse gravel with occasional fine to
coarse sand
Hand hole completed on 4/16/92
Soil samples obtained at 12 inches
Hole filled rapidly with water
U HOLE
GEOEgEngmeers LOG OF HAND HOLES

FIGURE A—-17
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APPENDIX B

LABORATORY TESTING

GEOTECHNICAL INDEX TESTS

All soil samples were brought to our laboratory for further examination. Selected samples
were tested to determine grain size characteristics. Mechanical grain-size analyses were
performed on eighteen representative soil samples. Gradation curves for these samples are
presented in Figures B-1 through B-9. Twelve additional soil samples were tested for pércent
fines (material passing the number 200 sieve). The percent fines test results are presented in
Figure B-10. The results from moisture content and density tests performed on selected soil
samples are shown on the boring logs.

SLUG TESTS

A series of slug tests was performed on the 2-inch-diameter well installed within boring
B-3. Slug test numbers 1 and 2 were performed by adding a one and four galion slug of water
to the well, respectively. A solid 1.25-inch-diameter rod was used as the slug for test numbers
3 and 4, The rod was inserted and removed from the well for the respective tests. Water level
measurements were measured and recorded with a data acquisition system consisting of a pressure
transducer, a data logger, and a portable personal computer. The field data was reduced using
Hvorslev's method and the Bouwer-Rice method. The results are presented in Figure B-11.

COMPRESSIVE STRENGTH TESTS OF CONCRETE CORES

GeoEngineers photographed and visually examined the concrete cores obtained from the
existing dam. Three cores, C-1, C-2 and C-3 were submitted to an outside testing company for
compressive strength tests. Cores C-1 and C-2 were tested and broke at a compressive strength

of 3530 and 4450 psi (pounds per square inch), respectively. Reinforcing steel was encountered
in core C-3 and therefore could not be tested.

GecoEnginecers B-1 File No. 0186-227-R06/050294
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PERCENT FINES DATA

Depth of Percent
Boring Sample Sample Fines
Number (feet) Description (%)
B-1 17.0 Fine to coarse gravel with a trace 4.9
of silt (GP)
B-1 30.0 Fine to coarse gravel with sand 0.8
{GW)
B-1 40.0 Fine to coarse gravel with silt and 7.4
sand (GP-GM)
B-2 12.0 Fine to coarse gravel with silt and 5.2
sand (GP-GM}
B-2 29.5 Fine to coarse gravel with sand and 4.4
a trace of silt (GP)
B-2 39.5 Fine to coarse gravel with silt and 15
sand (GP-GM)
B-3 15.0 Fine to coarse gravel with sand and 3.0
a trace of silt (GP)
B-3 30.0 Silty fine to coarse gravel with 16.6
sand (GM)
B-3 39.5 Fine to coarse gravel with silt and 5.9
sand (GP-GM)
TW-1 14.0 Fine to coarse sandy gravel with 10.4
silt (GP-GM)
MW-1 8.5 Fine to coarse gravelly sand with 5.9
silt (SP-SM)
MW-1 23.0 Fine to coarse sandy gravel with 5.4
silt (GP-GM)
(W PERCENT FINES DATA
Geo NN Engineers
D\~ FIGURE B-10
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SLUG TEST RESULTS

Slug Permeability (cm/sec)
Test Hvorslev's Bower-Rice
Number Method Method
1 1.2x10-2 1.0x 10-2
2 3.4x10-2 2.4x 10-2
g 8.2x 10-3 6.4 x 10-3
4 2.6% 10-2 1.7 x 10-2
-
«/‘ch- SLUG TEST RESULT
R\ . S
GeoNZ Engineers

FIGUREB-11
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TABLE C-1
SHEET PILE DRIVING RECORD - LOCATION A

Hammer Depth
Test Frequency® Driven Time
Location' | Location (rmp) Below Water® Min Sec * Comments
A1 Ofishore - 0-4-1/2" Water
(First 1,000 4-1/2'-6" 27 Difficult driving
Attempt) 1,500 6-6-1/2' 3 10 * Very difficult driving
« Pile could not be driven plumb
= Unable to drive below 6-1/2",
* Lower 2° of plie Is severely worn
A1 Otfshore 1,500 0-44/2 - - Wator
{Second 1,500 41/2" -61/2° 8 27 « Very difficult diiving below 6-1/2"
Attempt) 1,500 6-1/2' - 6-3/4' o] A7 * Unable to maintaln plumb
1,500 6-3/4"-7' 1 41 « Pile appears to be "bouncing® on
a large cobble/boulder
1,500 7-8 4 36 * Lower 4-1/2° of pile Is severely
worn
1,500 8-9 3 43 * Upper 1' of pile is bent due to
hammer weight
A2 Oftshore 1,500 0-414/2 'Water
1,500 412 -6 4 1 » Very difficutt driving
1,500 * Unable to maintaln plumb
A3 Onshore 1,500 0-3 4 3 » Very difficult driving

+ Plle appeared to bounce on a
large cobble and boulder

= 6 - 8" diameter cobbles were
removed from the upper 1 foot
of the ground surface
Unable to drive plles below 3’
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TABLE C-2
SHEET PILE DRIVING RECORD - LOCATION B

Hammer Depth
Test Hammer | Frequency Driven Time
Location® | Type? {(rmp) Below Water® Min Sec Comments
B-1 Tunkers 1,500 0-1-4/2" - - Water
(First 60.05 1-1/2' - 8-1/4° 4 49 * Pile appears to bounce on a boulder
Attemnpt) * The lower 7-1/2' of pile Is completely
worn
* Unable to drive pile plumb
B-2 Tunkers 1,500 0-11/2 - - Water
60.05 1-1/2'-5 2 17 * Pile sways severely at 5’ during
driving
* Pile appears to bounce ona
large cobble/boulder at 5' depth
» Unable to drive below 5°
[
B-3 Tunkers 1,500 0-1 - - Water
60.05 1-61/2 3 58 * Unable to maintain plumb below 5
* The pile appears to bounce on a
large boulder at 6-1/2"
* Unable to drive below 6"
B-4 Tunkers 1,500 0-1/2" Water
60.05 12'-3 « The pile appears to bounce severely
on a large boulder at 3’
+ Unable to maintain plumb
B-54 Tunkers 1,500 0-41/2 - - Water
60.05 4-1/2' - 6-3/4' 2 44 * Unable to malintain plumb
* Unable to drive below 6-3/4’
B6* Tunkers 1,500 0-3-1/2" Water
60.05 3-1/2'-5-1/2' 1 44 * The pile appears to bounce severely
on a large boulder at 5-1/2'
* Unable to maintain plumb
B14 MKT V-30 1,600 0-41/2 Water
(Second 4-1f2" - 9-3/4' 52 « Difficult driving
Attempt) 9-1/4'-9-3/4’ 47 « Unable 1o maintain plumb
* Lower 6° of pile was completely
destroyed (torn and bent)
* Unable 1o drive below 9-3/4'

D-143
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A r ronby LA

SIGMUND D. SCHWARZ
Consulting Geclogist/ Geophysicist

i

P.0. Box 82-317
Kenmare, WA 98028

(206) B23-5596 September 25, 1990
SB6-90R

GeoEngineers, Inc.

2405 149th Aavenue N.E.
Suite 105

Bellevue, Washington 28005

Att: Gordon Denby, PE

Re: Report of Geophysical Surveys, Puget Power White River Dam
Reconstruction Project, Buckley, Washington

SUMMARY

Results of several geophysical surveys completed at this site
indicate the area to be underlain by dense, relatively coarse
grained alluvial and mudflow deposits. These deposits are
indicated by their geophysical properties to be generally of
uniform characteristics within the area explored and typical of
the materials identified by the test borings. Bedrock occurs at
relatively shallow depth several hundred feet north of the
damsite area and deepens beyond the depth of exploration to the
south beneath the river.

The primary objective of this work has been to characterize the
nature of materials underlying the existing White River Dam to
assist in the geotechnical aspects of design for the new
structure and more specifically to identify anomalous zones where
unexpected conditions might be encountered. The north abutment
area has also been studied to develop information concerning
potential leakage paths.

Geophysical surveys incorporating several complementary
exploration methods have been completed at this site. Some
elements of this work have been carried out under subcontract or
by previous contract. These methods include seismic, electrical
and electromagnetic techniques that are listed as follows:
1-GPR( ground penetrating radar) Williamson and Associates
2-EM(electromagnetic) Williamson and Associates
3~-VES(wvertical electrical soundings) Schwarz

4-0Overwater ceismic refraction Schwarz

S-Land seismic refraction EBASCO Services (Nov. 1982)

The location and results of this survey are shown on the
Geophysical Exploration Plan, Fig. 1 and Composite Geophysical

D-1
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Profile A-A’, Fig. 2 which includes the interpreted result of all
geophysical surveys.

The damsite area was explored with 6 VES soundings, GPR, EM and
overwater seismic refraction. The overwater seismic refraction
survey was confused by the presence of high velocity concrete in
the foundation of the existing dam and was therefore ineffective.

The north abutment area was explored by GPR and EM methods
together with a land seismic refraction survey completed by

EBASCO Services for Puget Sound Power and Light Corporation in
1982.

Interpreted results of the geophysical surveys are shown on the
Composite Geophysical Profile A-A’, Fig. 2. VES and GPR data are
the most effective for delineating overburden stratigraphy in the
damsite area. The VES data is depicted on the profile as a matrix
of calculated electrical resistivity values derived from the six
VES soundings and expressed as electrical resistivity in terms of
ohm metres. Over this is superimposed GPR reflecting boundaries
and the average seismic velocity. The GPR and EM survey was
extended into the north abutment area to supplement the seismic
refraction data presented in the EBASCO report. The agreement
between data obtained by various geophysical methods and the
borings is generally good.

Based upon these data, it appears that the site area is underlain
by a fairly thin mantle of coarse grained recent alluvium over
volcanic mudflow. The mudflow deposit is indicated by the
seismic, VES and GPR data to be dense, basically hetrogeneous and
very crudely stratified with a gentle southerly dip. The
electrical and seismic characteristics of the mudflow are typical
of those observed in the Osceocla at other locations in the area.

The EBASCO seismic survey indicates bedrock to occur within 25 to
30 feet of the ground surface near the far north end of the
geophysical profile and to be deepening to the south. These data

indicate bedrock to be deeper than 40 to 70 feet in the damsite
area.

The data presented herein is interpretive in nature and subject
to revision on the basis of additional site specific information
that. may become available.

Please do not hesitate to contact me if you have any questions
concerning this report or if I may be of further service.

Respectfully submltted

-l -

“Si{gmund D. Schwarz =N

Encl: Fig. 1 Exploration Plan, Fig. 2 Composite Profile A-A"
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D-2, Seismic Ground Motion Evaluation
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Mud Mountain Dam Fish Passage

Seismic Hazard Review
3 August 2004

Summary Inaccordance with ER 1110-2-1806, Design earthquakes and ground motions for
the Mud Mountain Dam Fish Passage and Diversion Structures is presented. A peak ground
acceleration of 0.34g is predicted at this site for the maximum credible earthquake (MCE) from a
magnitude 9 event on the Cascadia Subduction Zone (CSZ). The peak ground acceleration for
an Operating Basis Earthquake is 0.14 g. This represents an event with a 50% probability of
occurring during the 100-year service life of the structures.

Project Description A diversion structure is located in the City of Buckley, 6 miles
downstream of Mud Mountain Dam (MMD). The structure was constructed by a private entity
in the early 1900’s, to divert water into Lake Tapps for the White River Hydroelectric Project.
The structure is a 352-foot-long, 11-fooot-high, timber crib dam with a concrete intake that
diverts water from the White River at Buckley into a flume. When Mud Mountain Dam was
built, in the WWII era, the fish collection facility was built at the diversion structure to provide
fish passage around MMD. Since then, it has operated to provide water to the hydroelectric
project and to direct upstream-migrating fish into the fish collection facility. The Muckleshoot
Tribe built a hatchery on the right bank of the White River at the structure.

In the 1990’s, PSE proposed construction and operation of a new power generating facility that
would increase generation capacity, and had to gbtain a FERC license in order to proceed with
the modifications. Conditions required by FERC for licensing were deemed economically
infeasible. PSE has decided to cease operations of the Hydroelectric Project. The Corps has
entered into an interim agreement with PSE, where the Corps contracts with PSE to continue to
operate the diversion structure.

Since the diversion structure has surpassed its economic life and is at risk of failure, Congress
gave the Corps authorization to renovate the fish passage facility, including the diversion
structure. The Army Corps of Engineers is currently reviewing a 35% design for both a federally
preferred plan that meets fish passage objectives and a locally preferred plan, which provides for
fish passage and diversion to Lake Tapps.

Geology

The Puget Lowland is an elongate topographic and structural depression between the Cascade
Mountains on the east and the Olympic Mountains to the west. The structural depression that
forms the Lowland consists of a series of basins (Tacoma, Seattle, and Everett) that are underlain
by Tertiary volcanic and sedimentary rock. The Quaternary sediments, which unconformably
overlie the Tertiary bedrock and fill the basins, are up to 3,600 feet thick.
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The fish passage/diversion structures are located in a geologic region characterized by thin
alluvial deposits overlying Osceola Mudflow deposits up to 70 feet thick in some areas. The
Osceola Mudflow blanketed an extensive portion of the eastern Puget Sound Lowland
approximately 3,700 years ago. The mudflow oniginated on the north flank of Mount Rainier,
flowed down the White River Valley, and covered a wide area including present day Buckley
with several tens of feet of sediment. The mudflow sediment typically consists of cobbly, silty
sand and gravel with cobbles and occasional boulders. The mudflow occurred in a series of
separate flows in between and after which alluvial soils consisting of sand and gravel with
cobbles and boulders were deposited by the White River. Moreover, water flow over and
through the surface layer of the exposed mudflow deposits probably washed silt material
portions out of the soil. This process resulted in a relatively inhomogeneous mix of clean
alluvial and mudflow deposits, as well as siltier mudflow deposits in the upper 5 to 10 feet of
soil. Glacially deposited sands and gravels typically underlie the mudflow deposits.

Soils exposed with a 25-foot-high riverbank along the south side of the White River,
immediately upstream from the structures, show approximately 10 feet of an alluvial deposit
overlying Osceola Mudflow sediments, indicating that the river has and continues to incise
through the mudflow deposits at this location.

Tectonics

The tectonics and seismicity of western Washington is dominated by the Cascadia Subduction
Zone (CSZ) giving rise to potential seismic sources that are generally divided into three
categories: crustal, intraslab, and interplate.

The CSZ is an active subduction zone off the western coast of North America that extends over a
length of 700 miles from southern British Columbia in the north to northern California in the
south (Figure 1). Over most of the CSZ, the Juan de Fuca plate is subducting beneath the North
American plate. The plates converge in a generally northeasterly direction at a rate of 2 to 4

igure 1: Cascadia Subduction Zone
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centimeters per year. Subduction zones can produce thrust events on the interface between the
subducting and overriding plates. Such interplate earthquakes can release large amounts of
energy. The lack of observed interplate earthquakes on the CSZ raises questions about its
potential for producing large magnitude events. This behavior can alternatively be interpreted as
characteristic of weak coupling between the plates that allows convergence to take place
continuously (and aseismically), or as a quiet period in which strain energy is accumulating in a
locked zone between the occurrences of large earthquakes. Earthquakes can also originate within
the subducting plate. Such intraslab earthquakes are extensional events that occur within the
subducting Juan de Fuca plate. As the Juan de Fuca plate subducts beneath the North American
plate, stress and physical changes in the subducting plate produce high-angle normal faulting
earthquakes such as the 1949 Olympia, 1965 Seattle-Tacoma, and the 2001 Nisqually events.
Figure 1 shows a cross section that identifies these earthquake sources through the central Puget
Sound Basin, based on Hyndman and Wang (1995) and Stanley et al., (1999).

Both areal source zones and discrete faults are used to characterize crustal sources. Areal source
zones are used to model much of the crustal seismogenic potential because evidence of bedrock
structure of most of the Puget Lowland is concealed by thick Quaternary deposits and repeated
glaciation. Crustal faults identified within the Puget Lowland with evidence of Late Pleistocene
or Holocene (e.g., Seattle Fault, Puget Sound Fault) are considered discrete sources. The Mount
St. Helens and Mount Rainer zones are also considered as discrete zones. There is substantial
evidence for Quaternary movement on structures with the Puget Sound Basin.

Figure 2: Crustal Faults in Western Washington

‘While the bedrock structure of the
Puget Sound Basin terrain is
largely concealed by thick
Quaternary deposits and repeated
glaciation, it has been the subject
of recent and on-going scientific
research in the area. Faults and
structures in and adjacent to
westermn Washington are shown on
Figure 2. This on-going research
suggests that the north-south
compression of the this terrain is
being accommodated primarily
beneath the Puget Lowland by a
series of west and northwest
trending faults or structures that
extend to a depth of about 14 to
20 kilometers. These structures
n\fj"‘ B SR Pone extend from the Doty Fault near

S Chehalis, north to the Darrington-
won  Structaral Featrs e Gowes et ol, {1985), Devils Mountain Fault near

Jomnson e al, (1996), Rogers et el (193€).
Pl ot al., 1997, Johnzon ot at, {1909).
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Anacortes and include the Tacoma structure and the Seattle Fault. However, geologic or

geophysical evidence of Holocene movement has only been observed to date for the Seattle
Fault.

Seismicity

The project site is located in a moderately active tectonic region that has been subjected to
numerous earthquakes of low to moderate strength and occasionally to strong shocks during the
brief 170-year historical record in the Pacific Northwest. Prior to the 1940’s, historical events
were primarily recorded using the Modified Mercalli intensity scale. Since the 1940s,
earthquakes have generally been reported using magnitude scales. Earthquake magnitudes may
correspond to different scales, including surface waves (Ms) body waves (my), Richter local
magnitude (M), and moment magnitude (My).

The largest historic earthquakes to affect the site include the magnitude (Ms) 7.1 Olympia
earthquake of April 13, 1949, the magnitude (my,) 6.5 Seattle-Tacoma earthquake of April 29,
1965, and the February 28, 2001, magnitude (My) 6.8 Nisqually earthquake. These events were

Figure 3: M4.5 Earthquakes or Greater From 1977 to 2001
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southeast of the project site. Ground shaking in the Buckley area near the site was reported as
Modified Mercalli intensity VII to VIII (1949) and VII (1965), and as peak ground acceleration
0f 0.1g (2001). The 1949, 1965 and 2001 events were located in the subducted Juan de Fuca slab
beneath the Lowland at depths of 33 to 39 miles. The level of ground shaking that occurred
during these events at the project site is likely the maximum vibratory ground motion that would
have occurred at the project site during the 170 years of historical record.

Other large historic earthquakes felt in western Washington include the 1872 North Cascades
earthquake and two other events in western British Columbia, Canada. The North Cascades
earthquake of December 15, 1872, appears to have been one of the largest crustal earthquakes in
the Pacific Northwest, with an estimated magnitude of 7+ and a maximum intensity of VIII.
Although the epicentral location of this event is uncertain, owing to the sparse population of the
area at that time, it apparently was a shallow crustal event located about 100 miles (epicentral
distance) northeast of the project site somewhere in the north Cascades-Okanogan region. In
Canada, major earthquakes occurred on Vancouver Island on June 23, 1946, and in the Queen
Charlotte Islands on August 21, 1949 (Coffman and von Hake, 1973). These events had
magnitudes of 7.3 and 8.1, respectively. Because of the large distance of these earthquakes from
the project site (over 150 miles), there were no reports of significant damage in the area.

Seismic Hazard Evaluation

The assessment of the MMD Fish Passage and diversion structures seismic hazards is based on
existing seismic hazard data and studies that represent the state-of-the-knowledge and -practice
for this region.

Site Classification

The project site has a Low Hazard Potennal Classification in accordance with Appendix B

of ER 1110-2-1806. The cntical feature of the project is proposed to be a concrete embankment,
concrete fish passage facility and earthen levees.

Design Earthquakes

Development of maximum credible earthquake (MCE) ground motions is based on deterministic
seismic hazard analyses (DSHA). An MCE can be defined as the largest likely ground motions
that may occur at a site from a capable seismogenic source. The basic inputs to a deterministic
analysis are the fault type, maximum magnitude, the distance from the nearest point of the fault
plane to the project site, and the ground motion attenuation behavior. MCEs are selected based
on the largest ground motions that may occur at the site from capable seismogenic sources. Two
MCE sources were determined to be controlling faults of the project site: the Cascadia
Subduction Zone Interplate and the Seattle Fault.

The maximum magnitude associated with the Cascadia Subduction Zone Interplate is Mw 9.0,
which requires rupture of nearly the entire subduction zone. The closest approach of the
seismogenic rupture approaches to within 81 kilometers of the site. Horizontal peak ground
acceleration and response spectra were estimated for the site using the empirical attenuation
relationship of Youngs et al. (1997).
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Table 1: Source Zones and Magnitudes

Magnitude | Distance (km) | Peak Horizontal Ground Acceleration (g)
Horizontal Vertical
Mean +1c Mean +1c
Csz 9 81 34 63 n/a n/a
Seattle Fault 72 19 32 57 29 43
Tacoma Fault 6.9 34 14 21 07 .10

According to ER 1110-2-1806, an Operating Basis Earthquake (OBE) is based on the event with
a 50% probability of occurring during the 100-year service life of the structures. This translates
to a 144-year return period. The OBE is used to design against economic losses. The
probabilistic hazard characterization is based on existing USGS data developed for the NEHRP,
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Figure 4: PGA and SA Probabilistic Hazard Curves
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1996). The set
of hazard curves
for the Fish
Passage site are
for PGA and
spectral
frequencies of
0.5,1,2,3,5,
and 10 Hz,
which
correspond to
periods of 2.0,
1.0,0.5,0.3,02
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(Figure 4).
These curves
are the basis for
equal hazard
response spectra
that are formed
by selecting the
points from
each hazard
curve for a
given retum

period. The OBE spectral acceleration for return periods of 144 is presented in Figure 5. The
peak ground acceleration for an OBE i5 0.14 g.
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Figure 5: Equal Hazard Response Spectra for Operation
Bases Earthquake (144 year return)
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